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EXECUTIVE SUMMARY
This document reports progress on R&D Project 640, which aims to provide information on 
species of conservation value of particular relevance to the Environment Agency, in relation to 
its activities affecting aquatic environments. A range of stand-alone outputs is being produced, 
comprising Species Action Plans, practical management guidelines for Agency staff and third 
parties, and various research outputs to improve the knowledge base on the status and 
ecological requirements of priority species. The outputs presented in this report are listed 
below, comprising all those that have been produced since the first interim report 
(R&D Interim 640/M/l).
Species Output type Output status
Water shrew Neomys fodiens SAP/MG Final
Research report In draft
Daubenton’s bat Myotis daubentonii SAP/MG In draft
Research report In draft
Kingfisher Alcedo auhis MG In draft
Yellow wagtail Motacilla flava MG In draft
Grey wagtail Motacilla cinerea MG In draft
Sand martin Riparia riparia MG In draft
Reed bunting Emberiza sc hoe niclus MG In draft
Dipper Cinclus cinclus MG In draft
Marsh warbler Acrocephalus palustris MG In draft
Great crested newt Triturus cristatus MG In draft
Spined loach Cobitis taenia MG In draft
Research report In draft
Brook lamprey Lampetra planeri SAP Final
River lamprey Lampetra fluviatilis SAP Final
Sea lamprey Petromyzon marinas SAP Final
Shining rams-horn snail Segmentina nitida Survey report Final
Little whirlpool rams-horn snail Anisus vorticulus Survey report Final
Depressed river mussel Pseudanodonta complanata SAP In draft
A freshwater pea mussel Pisidium tenuilineatum SAP In draft
Native crayfish Austropotamobius pallipes Strategy report In draft
Triangular club-rush Schoenoplectus triqueter SAP In draft
MG Management guidelines SAP Species Action Plan
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As can be seen, nearly all of these are in a draft state and will be completed and standardised 
once technical comments have been addressed
The process of species selection has been altered during the course of the project by the report 
on biodiversity by the UK Biodiversity Steering Group (1995). Whilst still including species 
that are not particularly endangered but are greatly influenced by the activities of the Agency, 
the project is now addressing species on the ‘short’ and ‘middle’ priority lists of the 
Biodiversity report, particularly those for which the Agency has specific responsibilities.
Work items are currently being developed for 1997/98, the final year of the project.
KEYW ORDS
Priority species, habitat management, aquatic habitats.
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1. INTRODUCTION
Management for nature conservation within the Environment Agency and its predecessor 
bodies has historically focused on the general management of habitats and biological 
communities, based largely on the incorporation of ecological principles into flood defence 
activities and the setting and enforcement of discharge consents. It is recognised that, whilst 
such management has considerable conservation benefits, more detailed attention to the 
ecological requirements of certain species of high conservation value is required in order to 
maintain and enhance their numbers. This project was devised in order to establish the current 
level of knowledge in relation to priority species, to identify appropriate actions (including 
research to improve the knowledge base) and to lay down practical management guidelines 
where appropriate.
The selection of priority species for such a programme is highly problematical, requiring a 
variety of factors (often subjective) to be taken into consideration. A case can be made for a 
huge number of species, depending upon the weighting given to different criteria and one’s 
own personal perspective. The species selected for consideration can be described in broad 
terms as:
1. those that are very rare and/or endangered; and
2. those that are declining but are reasonably common and are more likely to be 
encountered by the Agency in the course of its activities.
Whilst species selection for the first year of the project was driven by the recommendations of 
Gulson (1994), the funding of species falling into Category 1 above has been subsequently 
guided by the report of the UK Biodiversity Steering Group (1995). The UK BSG report 
provides three priority lists of species:
• the ‘short’ list - comprising the highest priority species (116);
• the ‘middle’ list - the short list plus species of intermediate priority (400 in all);
• the ‘long’ list - the middle list plus species of lower priority (1250 in all).
The efforts of UK organisations are currently focusing on species on the short list, whilst work 
is required on the middle list in the very near future. The Agency has been assigned direct 
responsibilities towards certain species on the short list (as in Table 1.1), whilst other species 
on the list are the immediate responsibility of others but are aquatic in nature and of direct 
relevance to Agency activities. Organisations will be nominated in relation to the middle list in 
the near future, which will greatly influence the direction of the Agency’s R&D funding in this 
area.
Outputs from the project are divided into three main categories.
Species Action Plans These are produced for individual endangered species and aim to
provide a statement of the actions required by different 
organisations (with respect to issues such as management, 
monitoring, research, legislation, site protection, advice and 
publicity) to secure their long-term protection.
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Management guidelines These are a distillation of current knowledge on appropriate
management for individual species, aimed at Agency staff but also 
relevant to others working in conservation. Management 
guidelines produced under this project and related projects on 
individual species are being collated into an updateable manual.
Research outputs These vary in nature but aim to clarify the distribution or
ecological requirements of individual species so that the priority of 
the species can be confirmed and appropriate management 
guidelines/strategies can be developed and/or refined
The work programme to produce these outputs consists of a programme of collaboration with 
English Nature and the Countryside Council for Wales, a number of sub-contracts to national 
experts, and commitments made by selected Agency staff (who liaise with relevant experts). All 
work is coordinated by WRc, with draft and final outputs being technically reviewed by WRc, 
the Project Board and additional personnel with specific knowledge of the species in question. 
The Project Board consists of representatives from the Environment Agency, English Nature 
and the Countryside Council for Wales.
It should be noted that the work programme does not comprise all work being undertaken by 
the Agency in the sphere of species management A number of species-specific initiatives are 
running in parallel, including work on the otter (Lutra lutra), the shads (Alosa alosa and Alosa 
fallax), the native crayfish (Austropotamobius pallipes), the vendace (Coregonus albula) and 
the water vole (Arvicola terrestris). As can be seen from Table 1.1, the Agency has direct BAP 
responsibilities for all of the species mentioned. Contact with these associated projects is 
maintained through the Agency Project Leader.
Project 640 can be regarded as a repository for relatively small species management studies or 
work tasks that are nationally relevant. Where such work indicates that a more significant 
initiative is required on a particular priority species (or group of species) that cannot be 
accommodated within the Project 640 budget (plus any collaborative funds), stand-alone 
projects are recommended by the Project Board for inclusion in the National R&D Progamme.
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Table 1.1 Species on the short list of the UK Biodiversity Steering Group report for 
which the Environment Agency has direct responsibilities
Species Scientific name Contact
Point1
Proposed Lead Partner2
Mammals
Water vole Arvicola terrestris EA UK Water V o le  Steering Gr.
Otter Lutra lutra EA Wildlife Trusts/EA
Fish
Allis shad Alosa alosa MAFF MAFF/EA
T waite shad A losafallax MAFF MAFF/ EA
Vendace Coregonus albula EA EA
Crustaceans
Native crayfish Austropotamobius pallipes EA Game Conservancy
Insects
Southern damselfly Coenagrion mercuriale EA Wildlife Trusts
Molluscs
Pearl mussel Margaritifera margariiifera SNH SNH/ EA
Shining ramshom snail Segmentina nitida EA Wildlife Trusts
Little whirlpool ramshorn snail Anisus vorticulus EA EA
Freshwater pea mussel Pisidium tenuilineatum EA EA
Depressed river mussel Pseudanodonta complanata EA EA
Glutinous snail Myxas glutinosa EA EA
Plants
River jelly lichen Collema dichotomum EA EA
Ribbon-leaved water plantain AUsma gr amine a EA EA /EN
1 The Contact Point is the main point of reference for information on the species.
2 The Lead Partner is the main driving force for, and coordinator of, work on the species.
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2. SUMMARY OF PROGRESS TO DATE
Table 2.1 summarises the work that has been initiated so far under Project 640. Owing to the 
nature of species selection, the list contains species that are well known to Agency staff (at 
least by name if not in practical terms) and some that are obscure and highly restricted in 
distribution.
Where outputs are available, in a suitable form and have not been included in the first interim 
report, they are provided in the appendices. It is important to note that most of these are in 
draft form only, whilst others are intended to be final versions (see Table 2.1). Outputs that 
were presented in draft in the first interim report are not reproduced in the current report - 
copies of the finalised text of such outputs can be obtained from the R&D Coordinator in 
Midlands Region.
The SAP on the water shrew, produced by Dr Sarah Churchfield of King’s College London, 
highlights the worrying lack of information on the current status and trends in status of the 
species, in addition to a poor understanding of its habitat requirements. Subsequent field 
studies have focused on water cress beds in Hampshire that have historically supported the 
species. Survey and trapping work has confirmed that populations continue to thrive, even at 
sites under relatively intensive management. Preliminary investigations have been undertaken of 
potential methods for rapid and simple surveying of sites for species presence, in order to build 
up a better picture of distribution and status. Further work has been recommended to develop a 
standard survey methodology, for use in a range of habitats, that could be used in a nationwide 
survey.
Leeds University have recently completed desk- and field-based work on Daubenton’s bat to 
produce an SAP, management guidelines and a model for incorporating the needs o f  the 
species into catchment management planning. Field work was undertaken on the upper reaches 
of the River Wharfe, where roosts have been located and commuting/foraging behaviour 
related to the habitat characteristics of the river corridor and the wider catchment.
The leaflet on the native crayfish and its alien competitors, which has proved so popular with 
Environment Agency staff and the public alike, has been updated by Nottingham University to 
accommodate improved knowledge of its distribution, new legislation and description of a new 
alien species. This should be available in the near future through Head Office. A strategy report 
has also been very recently produced by the university that classifies catchments in England and 
Wales according to the action appropriate to conserve and enhance native crayfish populations.
A survey of two priority mollusc species, Anisus vorticulus and Segmentina nitida, has 
recently been undertaken at historical sites in order to clarify their status. The work, funded 
jointly by English Nature and the Agency and undertaken by mollusc specialists Ian Killeen and 
Martin Willing, concluded that Anisus has declined severely in recent times and is in need of 
focused management attention. In contrast, Segmentina appears to be stable at known 
localities and does not give cause for concern. Further work is now being considered to 
determine the key environmental factors influencing the well-being of Anisus populations, with 
a view to recommending appropriate ditch and land use management
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Following on from the skeleton SAPs produced on Pseudanodonta complanata and Pisidium 
tenuilineatum under the Biodiversity Action Plan, Martin Willing of the Conchological Society 
has produced full SAPs that have confirmed the high priority of P. tenuilineatum whilst 
indicating that P. complanata is not sufficiently endangered to warrant action in the short-term. 
Studies to clarify the distribution and status o f P. tenuilineatum and to determine its habitat 
requirements have been recommended and are being considered.
An SAP on the triangular club-rush has been produced by Peter Nicholson (Agency South 
West), in conjunction with English Nature. The species is now confined to only one known site 
in England and Wales, and the SAP has proposed a programme of site management and 
reintroduction to suitable historical sites in southern England.
A preliminary appraisal of the ecological requirements of the river jelly lichen is being 
undertaken by CCW in North Wales, in association with local Agency staff. The brief study 
aims to review available information on river flows (and levels) and key water quality 
parameters at sites where the species is known to occur.
Regarding the management guidelines being produced for a range of species, currently 
available draft texts are quite general and do  not give very much practical advice to those 
working in the field. Authors have been requested to add more detail where possible, so that 
the appropriate management steps become more unequivocal and therefore less prone to 
subjective interpretation that may ultimately be detrimental to the species in question.
It is intended that up-to-date distribution maps from the Biological Records Centre (BRC) 
accompany the text of SAPs and MGs as appropriate. This will help to focus attention on key 
areas for each species, in terms of organised/ad hoc surveying for new sites and appropriate 
management of known/potential sites. A Technical Services agreement has recently been drawn 
up between the Agency and the BRC and such maps should soon be available.
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Table 2.1 Summary of completed and on-going work within Project 640 to date.
Species scientific name Contributor Funding Oulput(s) Status Due for 
completion
Mammals
Water shrew Neomys fodiens Kings College EA SAP, MG Completed -
Survey & Res. Received in draft* End Feb.
Daubenlon’s bat Myotis daubentonii Leeds Uni. EA/NT SAP, MG Received in draft* End Mar.
' Research Received in draft* End Mar.
Bats Aberdeen Uni./BCT EA Research Completed -
Birds
Kingfisher Alcedo atihis Stephanie Tyler EA MG Received in draft* End Feb.
Yellow wagtail Mo lac ilia flava <+ EA MG Received in draft*
Grey wagtail Motacilla cinerea it EA MG Received in draft* 44
Sand martin Riparia riparia 41 EA MG Received in draft* «
Reed bunting Emberiza schoeniclus «C EA MG Rcceivcd in draft* U
Dipper Cinclus cinclus ii EA MG Received in draft* **
Bam owl Tyto alba Chris Formaggia, EA EA SAP/MG On-going End Feb.
Marsh warbler Acrocephalus paluslris Worcs. Wild. Trust EA MG Received in draft* End Feb.
Reptiles
Grass snake Natrix natrix Andrew Heaton, EA EA SAP/MG Completed -
Amphibians
Common amphibians Andrew Heaton, EA EA SAP/MG Completed -
Great crestcd newt Triturus cristatus Andrew Heaton, EA EA MG Received in draft* End Feb.
Natterjack toad Bufo calamila Steve Garner, EA EA MG No output yet End Feb.
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Species Scientific name
Fish
Spined loach
Brook lamprey 
River lamprey 
Sea lamprey
Crustaceans
Native crayfish
Annelids
Medicinal leech
Molluscs
Pearl mussel
Shining ramshorn snail 
Little whirlpool ramshom snail 
A freshwater pea mussel 
Depressed river mussel
Insects
Norfolk aeshna dragonfly 
Downy emerald dragonfly 
Scarce chaser dragonfly 
Southern Coenagrion damselfly 
Scarce blue-tailed damselfly 
Scarce emerald damselfly
Cobilis taenia
Lampetra pianeri 
Lampetra fluviatilis 
Peiromyzon marinus
Austropotamobius pallipes
Ilirudo medicinalis
Margaritifera margaritifera
Segmentina nitida 
An 'tsus vorticulus 
Pisidium tenuilineatum 
Pseudanodonta complanata
Anaciaeshna isosceles 
Cordulia aenea 
Libellula futva 
Coenagrion mercuriale 
Ishnura pumilio 
Lestes dryas
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Contributor Funding Oulpul(s) Status Due for 
completion
IFE EA/EN SAP Completed
Uni. East Anglia EA/EN Research Received in draft* End Mar.
Peter Maitland EA/EN SAP Completed* End Jan.
Peter Maitland EA/EN SAP Completed* <<
EA/EN SAP Completed* 44
Notts. Uni. EA Leaflet Received in draft End Feb..
Research Received in draft* End March
IFE EA/EN SAP Completed -
National Museum of Wales EA/EN Survey 1 Completed
d Research' On-going End Mar.
MG O ngoing <4
Ian Killeen/Marlin W illing EA/EN Survey 1 Completed* -
Ian Killeen/Martin Willing EA/EN Survey Completed* -
Martin Willing EA SAP Received in draft* End Feb.
Martin Willing EA SAP ! Received in draft* 44
British Dragonfly Society EA MG Completed
EA MG Completed -
EA MG , Completed -
EA MG Completed -
EA MG ■ Completed -
EA MG Completed -
10
species Scientific name Contributor Funding Output(s) Status Due for 
completion
Plants
Black poplar Populus nigra var. betulifolia Marianne Le Ray, EA EA MG Received in draft End Feb.
Loddon pondweed Poiomogeton nodosus Peter Nicholson, EA EA SAP/MG On-going 44
Round-headed club-rush Scirpioides holoschoenus 4 ( EA SAP/MG On-going 44
Triangular club-rush Schoenoplectus triqueter <1 EA SAP/MG Received in draft* 44
Northern spike-rush Eleocharis ausiriaca U EA SAP/MG On-going <«
River jelly lichen Collema dichotomum ccw EA/CCW Research No output yet 44
MG = management guidelines; SAP = species action plan.
An asterisk indicates that the output is included in this interim report
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3. FUTURE WORK
Potential work items for the last year of Project 640 (1997/98) are currently under 
consideration, comprising follow-on studies on species already considered under the project 
and work on new species focusing on the BAP short list Studies likely to be funded are 
summarised in Table 3.1.
In addition to work undertaken specifically within Project 640, two key issues that are spin-offs 
from the project will be addressed internally within the Agency’s Conservation Function.
1. Species management guidelines produced under Project 640 and associated species- 
specific projects are being collated for inclusion in a species management manual for 
Agency staff.
2. Species awareness leaflets are being considered that will aim to enhance the conservation 
benefits of the Agency’s monitoring activities by focusing attention on the recording of 
priority species.
Work items for a follow-on project to Project 640 will also be considered in the forthcoming 
year, so that a specification for future species management work within the Agency can be 
produced within the life of the current project. Studies to be considered will focus on follow-on 
work from studies funded under Project 640, and other species on the short and/or middle list 
of the BAP. This work will include the recommendation of stand-alone projects for separate 
consideration in the R&D Programme, including possibilities for handling certain priority 
species in groupings that reflect broad habitat requirements. If such an approach is feasible, 
action can subsequently be focused on specific habitats with particular reference to the priority 
species dependent upon them. Species that might be handled in this way include aquatic 
macrophytes (such as those inhabiting the muddy margins of waterbodies) and aquatic insects.
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Table 3.1 Provisional work programme for 1997/98
Species Funding Brief description
Pear] mussel Margaritifera rnargaritifera EA/CCW Survey work in Wales will aim to clarify the distribution and status of the species and will 
complement work already undertaken in England (part-funded by Project 640).
Norfolk hawker dragonfly Anaciaeshna isosceles EA A study will be undertaken of the ecological requirements of the species, (including the 
nature of any association with water soldier, Stratiotes ab ides), with the aim of 
identifying appropriate habitat management.
Shore dock Rumex rupestris EA/EN/CCW A survey will be undertaken in order to clarify distribution and status.
Ribbon-leaved water plantain Alisma gramineum EA/EN Translocation work is planned in order to re-establish populations at historical sites.
Southern damselfly Coenagrion mercuriale EA/EN/CCW A study is planned to provide a better understanding of the habitat requirements and 
behaviour of the species and a survey methodology that will allow populations to be 
monitored effectively. This will lead to habitat creation trials aimed at encouraging (he 
spread of the species at/near known localities.
Triangular club-rush Schoenoplectus triqueter EA/EN A programme of site management and reintroduction to suitable historical sites in 
southern England is planned.
Spined loach Cobitis taenia EA/EN Further work may be undertaken on the distribution and habitat requirements of the 
species., following on from work undertaken this year.
Little whirlpool ramshorn snail Anisus vorticulus EA/EN More detailed investigations of habitat conditions arc planned at sites where the species is 
known to occur and adjacent sites where the species is absent.
Glutinous snail Myxas glutinosa EA/EN Preliminary survey work is planned at a limited number of locations where the species is 
known to have occurred in the past.
4
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ENVIRONMENT AGENCY SPECIES ACTION PLAN FOR ENGLAND AND WALES
WATER SHREW - Neomvs fodiem
Dr Sarah Churchfield
King’s College 
University of London
February 1997 
Summary
The water shrew is the smallest aquatic mammal and is dependent on freshwater habitats. 
Although no systematic, nationwide surveys have ever been made to investigate possible 
declines in population numbers, evidence from localised live-trapping studies in prime water 
shrew habitat suggests that numbers may be in decline as a result of habitat loss and 
management, particularly through drainage schemes and modifications to river banks, and 
possibly through the bioaccumulation of pesticide residues. The habitat of this species is 
frequently encountered by the Agency in the course of fulfilling its statutory duties, 
particularly in relation to river engineering and water quality management. The Agency 
therefore feels that it has a special duty towards the conservation of the water shrew.
The recommendations made in the Species Action Plan for the water shrew are limited by the 
lack of information about its habitat requirements and population trends. These deficiencies are 
addressed in the aims and recommended actions of the Action Plan. A precautionary approach 
should be adopted until more comprehensive data are available.
1. PRIORITY STATEMENT
Under R & D  Project 461/640 'Species Management in Aquatic Habitats', the water shrew 
was identified as a species of concern to the Environment Agency because of its dependence 
on freshwater habitats, and the threat to its populations and habitats.
2. ACTION PLAN OBJECTIVES
Short-term: To clarify the status of the water shrew, its habitat requirements and 
preferences, and the causes of any observed population trends.
To provide written guidance on practical management techniques designed to 
encourage and enhance water shrew populations which may be used by the 
Agency in its operational activities, as well as by others.
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Medium-term: To implement management techniques for water shrews wherever possible and 
appropriate, and to promote their use by others.
Long-term: To demonstrate the enhancement of water shrew populations and occurrence 
through practical management work and its promotion by the Agency, by 
means of appropriate monitoring.
3. LEGAL STATUS
a) Part 1 and Schedule 6 of the Wildlife and Countryside Act 1981 (amended 1988), provides 
protection for the water shrew (together with all shrews) against intentional killing or injury.
b) Afforded limited protection against exploitation, together with all shrew species, by the 
Council of Europe's Convention on the Conservation of European Wildlife and Natural 
Habitats (No. 104, 1979).
4. BIOLOGICAL ASSESSMENT
4.1 Status
The water shrew is widely distributed throughout England and Wales (and Scotland), including 
the Isle of Wight and Anglesey. It is found in both lowland and upland areas, being recorded at 
420 m in Wales, but nowhere is it common. It is abundant only very sporadically and locally in 
its favoured habitats. Unlike the common shrew which occupies and thrives in diverse habitats, 
the water shrew is more habitat-specific. There is concern that it may be declining in numbers 
and occurrence, particularly in once-favoured sites, as a result of habitat destruction and 
modification. Evidence for this comes from casual observers (landowners and workers), 
examination of field signs and brief live-trapping censuses, and is unconfirmed to date. Actual 
trends in population density and habitat occurrence have never been studied systematically, 
either in Britain or elsewhere in its range. Before guidelines on its management can usefully be 
produced and implemented, the status and habitat requirements of the water shrew need urgent 
clarification.
4.2 Ecology
As a result of its nomadic tendencies and the dispersal activities of juveniles, the water shrew 
occurs in many habitats, terrestrial as well as aquatic. Although it is encountered in deciduous 
woodlands, scrub-grasslands and hedgerows, numbers here are generally low and the 
populations transitory, usually comprising dispersing juveniles or males searching for mates. 
Only in aquatic habitats is it found in any numbers and here the populations remain relatively 
stable from year to year. The most frequented habitats are well-vegetated banks bordering 
swiftly-flowing streams and rivers, water-cress beds, drainage ditches, pond edges and reed 
beds. These habitats provide terrestrial space for burrows with entrances/exits above the water 
level, cover for terrestrial foraging, and ready access to the water for aquatic foraging. It feeds 
extensively (but not exclusively) throughout the year on freshwater invertebrates, principally 
crustaceans and caddis larvae, and the diet is supplemented with a variety of terrestrial 
invertebrates. The precise factors influencing its choice of habitat are still unknown, but
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requirements are an adequate food supply throughout the year (it is not a hibernating species); 
easy access to clean, clear (usually flowing) freshwater for foraging; adequate vegetation cover 
to avoid predators and harbour terrestrial prey; and suitable substratum (soil) for burrows in 
which to retreat, rest and rear the young.
4.3 Distribution and Population
The water shrew is a Palaearctic species with a wide geographical distribution. It is found 
throughout northern and central Europe, Scandinavia, and eastwards across Russia into Siberia 
as far as Lake Baikal. There are relict populations in parts of the Russian Far East, bordering 
the Sea of Japan. It is absent from most of Spain. In Britain, the water shrew is found 
sporadically throughout England and Wales (including the Isle of Wight and Anglesey, but 
excluding the Scilly Isles and the Channel Islands) and much of Scotland including the west 
coast islands of Arran, Islay, Shuna, Garvellachs, Kerrera, Mull, Skye, Pabbay, Raasay, and on 
Hoy (Orkney). It is absent from Ireland. Although a widespread species, population density is 
low compared with the common shrew: even in favoured habitats peak densities of only 3-10 
per hectare have been recorded while common shrews can reach 100 per ha.
4.4 Limiting Factors
4.4.1 Habitat loss and modification Importance - High
Drainage and reclamation of marsh and reed bed habitats for agriculture; earth drainage ditches 
being replaced with brick/concrete/plastic drainage pipes; creation of concrete banks and 
barrages on river sides; replacement of grass banks with concrete in commercial water-cress 
beds (a highly favoured habitat) to permit motorised access; vegetation clearance and increase 
in homogeneity of topography and incline of river/stream banks during waterway maintenance 
and flood control, together with burrow destruction during mechanised maintenance work.
4.4.2 Inappropriate habitat management Importance - Medium
Reduction of vegetation cover during routine bank maintenance, particularly in summer when 
populations are at their peak and shrew activity on the ground surface is high. Changing flow 
velocity and water levels in the river system, particularly increases in water level which result 
in bank flooding and shrews unable to reach the substratum when foraging for benthic 
invertebrates.
4.4.3 Pollution and pesticide use Importance - Unknown
With its position near the top of the food chain, and as a predator of a wide range of 
invertebrates, including target pest species, the water shrew is vulnerable to insecticides and 
molluscicides, together with a range of industrial pollutants such as PCBs and heavy metals. 
With its high metabolic rate and high rate of food consumption, toxins are quickly accumulated 
and assimilated.
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4.4.4 Persecution and disturbance Importance - Low
Water shrews do not conflict with man’s interests and are not regarded as pests, and so are not 
subject to persecution. Domestic cats may occasionally catch them. Disturbance may occur 
during routine habitat maintenance (particularly drainage and mowing of banks).
4.4.5 Prey availability Importance - Unknown
Seasonal or annual declines in prey availability may affect water shrew numbers and 
occurrence at particular sites.
5. CONSERVATION ACTION TO DATE
Although concerns have been expressed about changes in its status, the water shrew has had a 
low profile and low priority with respect to its conservation. This results largely from lack of 
information about population trends and habitat occurrence.
6. PROPOSED ACTION
6.1 Policy and Legislative
Action 1: Greater protection may be required for the water shrew under the Wildlife & 
Countryside Act 1981 if a downward trend in population numbers is confirmed. 
Priority: priority low until further information is available about population trends.
Agency action: none pending further information.
6.2 Site Safeguard. Land Acquisition and Management
Action 2: Identification of important water shrew habitats. Selection of suitable sites to be 
given SSSI or County Wildlife Status. Inclusion of the presence of thriving water 
shrew populations in the list of criteria for site acquisition/protection. Priority: 
high, following elucidation of habitat preferences of water shrews. EN, CCW, 
Wildlife Trusts to be consulted.
Agency action: assistance in identification o f important sites in liaison with local 'experts' and 
conservation bodies.
Action 3: Conservation and maintenance of important sites for water shrews. Priority: high.
Liaison and co-operation with county Wildlife Trusts and other conservation 
bodies.
Agency action: production o f management guidelines for use by Agency staff and third parties; 
incorporation o f appropriate riparian mowing regimes, compatible with habitat requirements 
fo r  water shrews, into the Agency's Flood Defence Function; assist in maintenance and 
management o f sites, where appropriate.
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Action 4: Creation of new aquatic habitats suitable for water shrews. Priority: medium. The 
Environment Agency and conservation bodies to liaise, once habitat requirements 
are better elucidated.
Agency action: sympathetic habitat management in key areas; creation o f suitable habitats 
based upon management guidelines produced, including use of opportunities fo r  habitat 
creation arising during the course o f routine flood defence operations.
6.3 Species Management, Protection and Licensing
Action 5: Emphasis to be placed on site protection rather than species translocation where 
developments threaten water shrew habitats. Translocation and 
introduction/reintroduction of water shrews to selected sites is feasible and 
practical, provided target areas exceed approximately one hectare (because of their 
nomadic tendencies). Licensing for live-trapping animals for 
translocation/introduction administered by English Nature/CCW. Priority: low, 
pending further information on habitat requirements.
Agency action: agreement to translocation o f water shrews from and to Agency sites, as 
appropriate.
6.4 Advisory
Action 6: Advice to landowners on appropriate ways to manage and protect suitable sites for 
water shrews. Priority: medium.
Agency action: advice to landowners, where appropriate, through the dissemination o f  
management guidelines.
6.5 Future Research and Monitoring
Action 7: Further research on habitat occurrence and precise habitat requirements of the water 
shrew. Priority: high. The Environment Agency, EN, CCW and local 'experts'.
Agency action: support for and co-operation with further research, including support for  
development o f survey methods for use by Agency staff and third parties.
Action 8: Assessment of national status and population trends of the water shrew. Priority: 
high. Liaison with JNCC.
Agency action: Agency staff to be encouraged to submit records on sightings and fie ld  signs, 
through the production and dissemination o f a Species Awareness Leaflet; support fo r  the 
development o f field recognition and survey procedures.
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Action 9: Monitoring of status and population trends of water shrews at key sites, and 
assessment of effectiveness of management strategies. Priority: high. Liaison with 
EN, CCW, local 'experts'.
Agency action: support fo r  monitoring work.
Action 10: Investigations into the causes and mechanisms of population declines of water 
shrews, should these be confirmed during the monitoring of population trends. 
Priority: high, if evidence of decline is found. Liaison and cooperation with EN, 
CCW, local 'experts'.
Agency action: support for research.
6.6 Communication and Publicity
Action 11: Publication of management guidelines for use by landowners and managers, 
including Agency staff. Public education on the natural history and status of the 
water shrew, and awareness of its habitat requirements and need for protection. 
Priority: high.
Agency action: publication and dissemination o f an advisory leaflet.
6.7 International
No action required. Over most of their geographical range water shrews are not under threat.
7. ACTION PLAN REVIEW
This plan will be reviewed after 3 years (1999/2000)
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1. STATEMENT OF USE
Neomys fodiens is a widespread but elusive species that is intimately associated with the aquatic 
environment, and has been selected as a priority species for conservation action by the Environment 
Agency. These management guidelines have been developed to assist in the targeted implementation 
of appropriate management and protection measures for the maintenance, enhancement and creation 
of Neomys fodiens populations. They are for use by Agency staff across all Functions and for 
distribution to third parties who are in a position to implement such measures in suitable areas (Le. in 
localities that are known to, or could, support the species).
2. DISTRIBUTION AND STATUS
The water shrew is found throughout mainland Britain and many of the offshore islands. It is 
widely distributed throughout England and Wales (and Scotland), including the Isle o f Wight 
and Anglesey. It is found in both lowland and upland areas, being recorded at 420 m in Wales, 
but nowhere is it common. It is abundant only very sporadically and locally in its favoured 
habitats.
Unlike the common shrew which occupies and thrives in diverse habitats, the water shrew is 
more habitat-specific. There is concern that it may be declining in numbers and occurrence, 
particularly in once-favoured sites, as a result of habitat destruction and modification. 
Evidence for this comes from casual observers (landowners and workers), examination o f field 
signs and brief live-trapping censuses, and is unconfirmed to date. Actual trends in population 
density and habitat occurrence of the water shrew have not been studied systematically and so 
its present status (declining, increasing or stable) is unknown. The Management Guidelines 
given here are limited by the lack of detailed information about its habitat requirements and 
population trends.
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3. RECOGNITION
The water shrew is distinguishable from all other shrews in Britain by its relatively large size, 
its dense black fur on the dorsal surface and the fringes of silvery, bristie-like hairs found on 
the margins of the feet and forming a keel on the underside of the tail. It is the only shrew in 
Britain which shows a close affiliation to freshwater habitats where it swims and dives for 
food.
4. HABITS
The water shrew is essentially an annual species, and it undergoes a seasonal cycle in numbers 
and activity. Young are born in summer, they overwinter as immatures and then achieve 
maturity in the following spring ready for the breeding season (June-September). The adults 
die off in late summer/autumn, after breeding, leaving the young to carry the population 
through the winter and into the next breeding season. These shrews rarely live more than 18 
months, and few survive a second winter. In summer, population numbers are relatively high 
and the shrews are very active: adults searching for mates and rearing young, juveniles 
dispersing and establishing new home ranges. At this time the shrews can occasionally be 
sighted, or more often heard, as they forage, undergo territorial disputes and courtship. In 
winter, following the death of old adults and the dispersal of juveniles, population density is 
lower and activity on the ground surface declines. They do not hibernate and continue to 
forage underwater, but more time is spent in the warmth and safety of the nest and burrows 
with only brief, local foraging excursions.
Although essentially solitary and territorial, as are most shrew species, the water shrew often 
occurs in small groups of 4-6 individuals living in close proximity and sharing burrow systems 
in favoured sites.
5. HABITAT OCCURRENCE AND HABITAT REQUIREMENTS
The water shrew occurs in many habitats, terrestrial as well as aquatic. It is encountered in 
deciduous woodlands, scrub-grasslands and hedgerows, but numbers here are generally low 
and the populations transitory, usually comprising dispersing juveniles. Only in aquatic 
habitats is it found in any numbers.
The most frequented habitats are well-vegetated banks bordering swiftly-flowing streams and 
rivers, water-cress beds, drainage ditches, pond edges and reed beds. These habitats provide 
terrestrial space for burrows with entrances/exits generally above the water level, cover for 
terrestrial foraging, and ready access to the water for aquatic foraging. Burrow entrances are 
usually sited amongst vegetation on the sharply-inclined sides of river/stream banks, facing the 
water. Along streams or rivers, home ranges/territories are linear, comprising a length of 
stream plus the adjacent bank, amounting to some 60-80 m2 per shrew and overlapping with 
neighbouring shrews at the periphery. Most o f the shrews' activities are concentrated on the 
river/stream and its banks, although occasional forays may be made into the terrestrial 
hinterland beyond the banks. In favoured habitats, population density peaks in summer at 
about 3-10 individuals per hectare, although there may be small patches of habitat where local 
density is greater.
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Water shrews feed extensively (but not exclusively) throughout the year on freshwater 
invertebrates. Most freshwater invertebrates are eaten, together with some vertebrates (frogs, 
newts and small fish), but the major dietary items are crustaceans and caddis larvae. The diet is 
supplemented with a variety of terrestrial invertebrates, including beetles, spiders and 
earthworms. Between 50-80% of the food is taken from the water in aquatic habitats, although 
water shrews can survive on land invertebrates alone in terrestrial habitats (and in captivity).
Although captive water shrews are able to dive to several metres in still water, wild shrews 
have been observed to dive only to 200 cm depth in streams, mostly to around 30 cm. Their 
foraging strategy comprises frequent shallow dives of short duration (3-10 secs) to collect prey 
which are then eaten on land. Swiftly-flowing streams and rivers with a substratum of stones 
and gravel harbour the greatest density of invertebrate prey, and studies in Britain and 
elsewhere suggest that these appear to be the most favoured habitats for water shrews, 
although they are also reported to reach relatively high densities in reed beds.
The precise factors influencing the choice of habitat are still unknown, but water depth and 
velocity probably influence habitat selection by water shrews, together with prey availability 
and accessibility, and suitable cover. The requirements of a population of water shrews are an 
adequate food supply throughout the year (it is not a hibernating species); easy access to clean, 
clear (usually flowing) freshwater for foraging; adequate vegetation cover to avoid predators 
and harbour terrestrial prey; and suitable substratum (soil) for burrows in which to retreat, rest 
and rear the young.
More information is required about habitat selection by water shrews, and their precise 
requirements, before detailed recommendations can be made.
6. MANAGEMENT FOR WATER SHREWS
Within the limits of our knowledge of their habitat requirements, the following guidelines for 
habitat management are suggested for encouraging and enhancing populations of water shrews.
a. Bank structure and vegetation
The structure of stream/river banks is important. It should be of earth and stones to provide 
a firm but workable substratum for burrowing. Water shrews create their own burrows, or 
take over and modify those of other small mammals (principally bank voles). They use 
burrows for nesting (both in and out of the breeding season) and as runways to other parts 
of their home range. They also create surface burrows within the litter layer to aid safe 
passage and provide a retreat for consumption of prey. Burrow entrances are usually sited 
above water level, in the sides of banks rather than on the tops. They are found in places 
where the incline ranges from approximately 400 to 900. A heterogeneous topography of 
the banks is favoured, providing abundant retreats during exploration and foraging. Banks 
should be high enough to avoid flooding of the burrows, and the general bank incline 
should be low enough to avoid erosion and provide stability for vegetation. Clearance and 
redistribution of earth during mechanised drainage works, creating homogeneously-inclined 
banks which slope steeply to the water and which are temporarily devoid of vegetation, 
should be avoided.
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Water shrews require vegetation cover for their terrestrial explorations and to support land 
invertebrates for their terrestrial foraging, and from which they have ready access to the 
water for aquatic foraging. Ideally, on stream/river banks and drainage ditches, this should 
be low, dense riparian vegetation with a high proportion of grasses and a well-developed 
litter/root layer. Periodic mowing through the growing season does not discourage them, 
provided the litter layer is left intact, and cut vegetation can be left in situ to boost the litter 
layer. Vegetation should be allowed to build up in autumn to provide cover in winter. Shrub 
clearance should be encouraged, as this will arrest the plant succession and promote and 
maintain an appropriate riparian vegetation. The Environment Agency's Flood Defence 
Function has a major role in adopting suitable management schemes, including drainage, 
bank maintenance and mowing regimes, in areas that support water shrews.
Bank and vegetation management for water shrews is similar to, and compatible with, that 
for water voles although they do not require such an abundance of marginal vegetation.
b. Channel structure and characteristics
With their limited diving abilities and their requirements for abundant and accessible 
freshwater invertebrates, water shrews are found mainly in stream/river sites where water 
depth does not exceed approximately I m, commonly at water depths less than 30 cm. 
Although they do occur in reed beds and ponds with a substratum of mud, they are found 
mostly where there is a substratum of small stones. Invertebrate prey are located amongst 
the stony substratum, and so water shrews are precluded from foraging in sites with deep, 
swiftly-flowing water which is beyond their diving capability. More information is required 
about this before detailed management guidelines on channel depth and width can be 
provided.
c. Water quality
Good water shrew sites have proved to be those with clear, fast-flowing water maintained at 
approximately 30 cm depth, with a substratum o f small stones which support a wealth of 
aquatic invertebrates. They use sites which contain emergent vegetation (such as water­
cress and reeds) but management should be undertaken to maintain water flow and 
counteract silting-up. Water shrews appear to vacate sites choked by silt and vegetation, 
where water depth and velocity have fallen.
High water quality is needed to maintain the water shrew's fur in good, water-proof 
condition, and maintain its body heat during and after diving. The protective water-proofing 
is lost if the fur is contaminated by mud and slime which mats the hair, causing it to lose its 
air-trapping property and the body to chill. Shrews groom the fur vigorously following 
diving, involving licking. Contaminants in water or substrate have a direct route into the 
digestive system by this means. Water quality needs to be sufficient to support an abundant 
and diverse invertebrate prey fauna. For these reasons, areas subject to high inputs of 
contaminants from intensive agriculture or industry may not be suitable for water shrews. 
Similarly, herbicide and insecticide use in bank management should be avoided.
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d. Size, shape and siting of suitable habitats
Being essentially solitary, water shrews do not attain high population densities. They also 
have nomadic tendencies. In order to encourage a stable population, the suitable site must 
be large enough to support a viable number of shrews and permit movement and 
redistribution of individuals around it. The recommendation is for sites to  be at least one 
hectare in area which, experience shows, is large enough to support a permanent population 
in prime habitat. The shape of the suitable site should take account of the. linear structure of 
the home ranges which are usually centred upon a stream/river with adjacent banks. Ideally, 
suitable sites should also be part of a more continuous habitat which provides a dispersal 
route for immigrants from nearby areas. This will boost the population and permit 
interchange of individuals, particularly in autumn/winter when populations are low, and in 
spring when terrestrial movements increase in the search for mates. Sympathetic and 
appropriate habitat management in favour of water shrews (as outlined above) along small 
stretches of a more continuous waterway will do much to encourage and enhance the 
population.
e. Disturbance
Water shrews are active mostly at night. Studies on commercial water-cress farms show that 
they will tolerate a high level of human activity/disturbance in the habitat during the day. 
Hence, regular habitat management should not affect them unduly. Frequent disturbance by 
walkers with dogs which dig the burrows may affect them more seriously.
7. FIELD SIGNS AND MONITORING
Being small, and rarely active in open areas devoid of cover, water shrews are rarely seen and 
they leave little evidence of their activity. This makes them difficult to monitor in a systematic 
manner. However, there are several key field signs to assist a monitoring scheme. They are 
best looked for in summer months when population numbers are relatively high, and when 
they are most active on the ground surface.
They can be detected by the presence of distinctive burrow entrances in grassy banks 
bordering streams, small rivers, water-cress beds or drainage ditches. Burrows (and their, 
entrances) are well above water level. Unlike the burrow entrance of bank voles (which often 
share the same habitats), where the vegetation is chewed short, exposing scuffed, bare soil, the 
vegetation around the burrow entrance of water shrews remains intact and the shrews squeeze 
through it, creating a perfectly round hole of about 2 cm in diameter.
They can also be detected by the presence of prey remains of invertebrates, particularly the 
stone/twig larval cases of caddis flies, broken mollusc shells, and small twigs and stones which 
are left following aquatic foraging at habitual feeding sites at the water's edge. These sites 
usually comprise a small area of earth/gravel or a flat stone under an overhang or in a secluded 
crevice on the stream bank. The faeces of these shrews, though small, are also quite 
distinctive: they are cylindrical, approximately 7 mm x 3 mm, black and granular in texture 
(because of the undigested, chitinous prey remains). They are often deposited in middens in 
surface runs close to burrow entrances, and near feeding sites on the stream bank, particularly 
on flat stones.
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Footprints are distinguishable from other small mammals, including shrews, but are rarely, if 
ever, found in situ. Smoked paper trays placed in suitable habitat can be used to record and 
identify footprints. Although laborious to examine, the hairs of water shrews are also 
distinguishable microscopically, and can be collected in sticky 'hair tubes' placed in the habitat. 
Use of 'bait stations’ which encourage shrews to enter, feed and defaecate may provide an 
easier way of detecting the presence of water shrews, identified by their distinctive scats. 
Suitable protocols for these techniques are currently being devised to assist in a monitoring 
scheme.
Water shrews produce loud, high-pitched but audible squeaks in a rapid, continuous, repetitive 
sequence, plus a characteristic rolling 'churr-churr' of lower frequency used as threat or 
warning signals in intraspecific interactions. These can be heard most frequently in summer.
The most reliable and effective census method at present is live-trapping in selected sites 
following preliminary evaluation using the field signs described above. The shrews will 
readily enter Longworth live-traps placed on firm ground above the water level and close to 
burrow entrances. This techniques requires a licence from English Nature/CCW and an 
undertaking to use suitable food baits and trap-checking routines to aid survival of captives.
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4Executive Summary
During the preparation of a Species Action Plan and Management Guidelines for the 
water shrew (Neomys fodiens), the lack of knowledge about its occurrence, population status 
and habitat requirements has been highlighted. Aiming to address this problem, particularly 
with the need to produce practical recommendations in the Species Action Plan and 
Management Guidelines, the WRc agreed to support and-fund a brief field survey project of the 
water shrew. This assistance is gratefully acknowledged by the author.
The aims of the project were (i) to gain an update on the status of water shrew 
populations in selected sites, (ii) to assess their occurrence in sites subject to different habitat 
management schemes, and (iii) to commence the development of simple field-survey techniques 
to assist future surveys of water shrews by Environment Agency staff and other third parties.
This document reports the results of the field survey carried out during July 1996 at 
selected sites in the catchment area of the rivers Itchen and Aire in Hampshire. The survey 
included visual assessment of the habitat quality and impact of management schemes at six 
sites, together with examination for recent field signs of water shrews. This was followed by a 
census of water shrew populations by live-trapping and mark-release techniques. The survey 
sites comprised banks of rivers and commercial water-cress beds subject to different mowing 
regimes. The potential of hair tubes and bait stations as survey methods for water shrews was 
assessed by field trials, and recommendations made.
The live-trapping survey showed that water shrew populations at most sites were 
buoyant. Numbers were greater during July 1996 than at the same sites in the same month in a 
similar survey in 1982. The occurrence of water shrews at two sites previously occupied and 
now subject to increased habitat management was not confirmed. But, water shrews were 
maintaining populations in other sites subject to regular and frequent habitat management, as 
well as in sites with less rigorous management Regular vegetation clearance on banks of 
streams and water-cress beds did not deter habitation by water shrews, but more captures were 
sustained at sites where vegetation was rarely or occasionally mown compared with those 
mown frequently. Human disturbance at the sites did not deter habitation by water shrews.
R&D W ater sh rew  survey
5Trials with bait stations successfully provided confirmation of the presence of water 
shrews in the three sites investigated, and will form the basis for development of an appropriate 
surveying protocol.
Recommendations are made to increase further our knowledge of the occurrence, 
population status and habitat requirements of water shrews by means of greater efforts to 
survey habitats and record the occurrence of this species, with Agency support. To assist in 
surveys, and enable the participation of Agency staff, local wildlife groups and other third 
parties, the development of appropriate, easy-to-use and economical surveying techniques 
should be further researched.
Key words:
Water shrew; populations; habitats; survey; live-trapping.
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61. INTRODUCTION AND PROJECT DESCRIPTION
The water shrew {Neomys fodiens) is one of the least known and least studied of 
British mammals. Lack of knowledge about its occurrence, population status and habitat 
requirements is hampering the production of an appropriate Species Action Plan and useful 
Management Guidelines. Until this situation is systematically addressed, any practical 
recommendations aimed at its conservation are purely provisional. The aims of the present 
project were (i) to gain an update on the status of water shrew populations in sites where they 
were known to occur in previous years, (ii) to assess their occurrence in the sites subject to 
different habitat management schemes, and (iii) to commence the development of simple field- 
survey techniques to assist future surveys of water shrews by Environment Agency staff and 
other third parties.
Much of our knowledge of the ecology and population dynamics of water shrews 
comes from a detailed study made over some three years at field sites close to the rivers Itchen 
and Aire in the Winchester area of Hampshire during the 1980s (see Churchfield, 1984a & b). 
Following visual and trapping surveys of a number of potential sites in Buckinghamshire, 
Hertfordshire, Oxfordshire and Hampshire, attention was finally concentrated on the 
Hampshire sites because these sustained the largest and most stable populations of water 
shrews of all the areas investigated. The sites comprised a series of commercially-exploited 
water-cress beds under slightly different management schemes which supported populations of 
water shrews throughout the year. They also provided easy access and favourable working 
conditions to carry out the live-trapping study.
Although brief visits have been made to a number of the original sites in Hampshire at 
intervals since 1982 when the study finished, no systematic surveys have been made to assess 
the continued presence of water shrews, or to estimate their population densities. Yet, the 
management practices on several of these sites have been observed to change over recent years, 
affecting habitat quality for the water shrews. As these sites had supported water shrews over a 
number of years, it was appropriate and timely to re-survey them in the light of the changes 
instituted. The results of the survey will assist our understanding of the habitat requirements
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7and tolerances of water shrews which are of direct relevance to management practices (such as 
river-bank maintenance and vegetation clearance) in freshwater habitats overseen by the 
Environment Agency. The sites also provide an excellent opportunity to develop and validate 
surveying techniques for water shrews, including simple field signs which would be applicable 
to other habitats. A major objective is to provide written guidelines about practical surveying 
methods for water shrews requiring the minimum of training and apparatus.
This report provides details of a brief survey of the Hampshire sites carried out in July 
1996 to investigate the current status of water shrews and their habitats. July was chosen as the 
optimum time for the survey since population density of water shrews is high at this time in the 
breeding season.
2. GENERAL DESCRIPTION OF STUDY SITES
Six sites were investigated for the purpose of this survey. Five of these are old, 
established water-cress beds which remain under cultivation throughout the year (named 
Alresford Pond, Bighton, Bishop's Sutton, Itchen Stoke and Tichbome). Previous surveys 
had found these sites to support water shrews. They comprise a series of beds in which water 
cress (Rorippa nasturtium-aquaticum) is grown under controlled water depths and flow rates. 
The beds are supplied with water from adjacent streams.
The beds and streams are bounded by grass banks, previously found to support water 
shrews and other small mammals. The banks are covered predominantly by grasses with 
additional stands of herbs, mostly netde (Urtica dioica), dock (Rumex crispus), butterbur 
(Petasites hybridus), cow parsley (Anthriscus sylvestris), dandelion (Taraxacum officinale), 
buttercup (Ranunculus repens) and silverweed (Potentilla anserina). These banks are subject to 
different management schemes: some are kept closely mown throughout the year while others 
are mown only once or twice during the growing season and the vegetation is permitted to 
grow up freely between mowings. Mowing is carried out by scything or strimming and is 
mostly confined to the summer growing season. In all cases, the mowings are left in situ to 
become incorporated into the Utter layer, providing additional cover for the shrews (and their
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terrestrial invertebrate prey). The total area occupied by water-cress beds and peripheral banks 
at each site ranges from 0.75 to 2.5 ha.
A sixth site (named Alresford Weir) was chosen which more closely resembled the 
natural habitat available to water shrews. This is a little-managed river bank close to water-cress 
beds which had not previously been surveyed.
All sites are within a three-mile radius of Alresford, Hampshire.
3. METHODS
3.1 Habitat assessment by visual survey of sites
All six sites were visited and a detailed visual survey carried out to assess (i) the 
presence of recent field signs of water shrews and (ii) the habitat quality in the light of 
management changes, since the last survey fourteen years ago. Each site was searched for 
burrow entrances, scats, faecal middens and food remains of water shrews. Particular attention 
was paid to the mowing regime employed at each site and the state of the vegetation on the 
banks.
3.2 Live-trapping survey
Longworth live-traps were set at five sites (Alresford Pond, Bishop's Sutton, Itchen 
Stoke, Tichbome and Alresford Weir) between July 9-17th. 1996. Traps were provided with 
hay bedding and blowfly pupae as bait. They were placed singly at 3-6 m intervals in selected 
places on the vegetated banks of the water-cress beds and adjacent streams/rivers. Some were 
placed close to the water’s edge and amongst the cress, but above the surface of the water. 
Traps were left open for four days and nights at each site and examined at regular intervals 
throughout to prevent casualties. All captures of small mammals were recorded, along with 
details of site, habitat and time of day. Water shrews were weighed, sexed, placed in an 
appropriate age class and individually marked by fur-clipping before release at the point of 
capture.
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93.3 Use of hair tubes and bait stations
The use of hair tubes has been used successfully in a number of surveys of small 
mammals (eg Day, 1966; Dickman, 1986). They work on the principle that many small 
mammals readily investigate and enter small holes and potential burrow entrances. Plastic 
tubing of a diameter large enough to permit the rodent or shrew to pass through it but small 
enough for the sides of the tube to be brushed by the passing mammal can be used to gather 
samples of hair caught on sticky tape placed on the inner walls. These hair tubes can be placed 
strategically in the habitat to be surveyed, and left safely for days or even weeks before being 
removed for analysis. Identification of the hairs from different species of mammal which have 
entered the tubes is laborious, and requires specialist knowledge and techniques, but the use of 
hair tubes has great potential as a non-invasive, harmless, cheap and reliable surveying method. 
It has not yet been used for detecting the presence of water shrews, but common shrews have 
been identified successfully by this method.
Preliminary trials to investigate the potential of hair tubes in assessing the presence of 
water shrews were carried out with double-sided sticky tape applied to the insides of 12 cm 
lengths of 3.5 cm diameter plastic drainage pipe. Eight hair tubes were placed amongst the 
vegetation at each of three of the live-trapping sites (Alresford Pond, Tichbome and Itchen 
Stoke), and left in situ for 8 days. They were then collected and examined for the presence of 
hairs.
Bearing in mind the laborious process of examining and identifying hairs from small 
mammals, and the specialist microscopical knowledge needed, a possible alternative to hair 
tubes is the use of bait stations. Water shrews, in common with other shrews, are inquisitive 
and will readily investigate novel objects in their home ranges, particularly if a food source is 
detected. The use of specially-designed bait stations which permit entry only by small mammals 
also has great potential as a cheap and easy field survey method. By providing a suitable food 
source, these bait stations encourage visiting shrews to enter and linger to feed and defaecate. 
Scats of water shrews are readily identifiable and distinguishable from those of rodents and 
other shrew species.
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Plastic piping of two types (white pipe of 4.0 cm diameter, and black pipe of 6.5 cm 
diameter) was cut into 30 cm lengths. One end of each length was covered with nylon net, and 
a handful of blowfly pupae placed at the covered end of the tube. One tube of each type was 
placed amongst the vegetation at each of four sampling points in three of the study sites 
(Alresford Pond, Tichbome and Itchen Stoke). They were left in situ for 8 days before being 
collected. Their contents (including facecal pellets) were decanted into specimen tubes for 
subsequent microscopical analysis.
4. RESULTS
4.1 Site descriptions and habitat assessment
4.1.1 Alresford Pond
This site comprises approximately 1 ha o f water-cress beds with peripheral banks, 
adjacent to reed-beds and marsh by Alresford Pond. The site is largely intact but subject to 
more intense habitat management than in previous years. Grass banks surrounding the water­
cress beds and adjacent to the supply stream are kept closely mown (to within 4 to 25 cm in 
height) by strimming every 2-4 weeks during the growing season, and a central grass bank 
(150 m in length) which was a favoured site for water shrews has been replaced with concrete 
to permit motorised access. Fresh signs of bank voles were plentiful (burrows, faeces and 
vegetation clippings). There were some signs o f water shrews in the form of old burrow 
entrances (possibly still in use) on mown banks, and occasional scats amongst rougher grass 
around the outfall pipes leading to the stream. No food remains were found to denote recently- 
used feeding sites of water shrews. The beds were currently being re-seeded and were not 
being cut for cress, so little cover for foraging shrews was available within the beds. 
Freshwater invertebrates were not very abundant, as is usual in midsummer during the re­
seeding period.
4.1.2 Bighton
The extensive area of water-cress beds near Bighton (some 2.5 ha) is highly 
commercialised and managed. Although banks of vegetation offering habitat for water shrews
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are still intact around the perimeter of the site, these are kept closely mown (every 2-3 weeks 
during the growing season). At the time of the survey the vegetation was less than 8 cm in.. 
height. The beds are surrounded by agricultural and pasture land. Inspection revealed signs of 
bank voles but none of water shrews.
4.1.3 Bishop's Sutton
This site comprises approximately lha of water-cress beds together with adjacent river 
and river bank, and is surrounded by pastureland. It has undergone considerable change since 
the previous survey. The beds are still commercially managed but, at the time of this survey, 
they were supporting old, rank, flowering cress ready for re-seeding which provides good 
cover for foraging water shrews. The greatest changes have been made to the grass banks, 
particularly bordering the adjacant river, which have been cleared of shrubs and old trees, and 
the remaining riparian vegetation is closely mown (approximately monthly). At the time of the 
survey the vegetation was up to 15 cm tall. Despite this, the litter/root layer is intact and offers 
cover for small mammals. One bank previously favoured by water shrews has been destroyed. 
Freshwater invertebrates were abundant. There were many signs of bank voles (burrows, 
faeces, vegetation clippings). Some signs of water shrews were evident, but of doubtful age 
(no faecal deposits but some prey remains of broken caddis cases and snail shells were found).
4.1.4 Itchen Stoke
This small site (0.75 ha) close to the River Itchen has remained a commercially- 
exploited site but is currently not over-managed as a habitat. The vegetation on the peripheral 
banks is thick and rank, up to 1 m in height, and provides plentiful cover for small mammals 
including water shrews. The cress is at various stages of development within the beds, with 
some tall, thick, flowering stands providing cover for foraging water shrews. The site is 
sympathetically managed, the banks are mown rarely (1-2 times per year) and water shrews are 
reported to be seen occasionally. The site is bounded by rough pasture and hedgerows.
Freshwater invertebrates were abundant at the time of the survey. Fresh signs (burrows,
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faeces, vegetation clippings) of bank voles were evident on the banks, and also occasional scats 
of water shrews.
4.1.5 Tichborne
This 1 ha site also remains a commercially-exploited site which is currently not over- 
managed as a habitat The vegetation on the peripheral banks is mown only 1-2 times per year 
and, at the time of the survey, was up to 0.75 m tall, providing plentiful cover at all times for 
small mammals including water shrews. The cress was at various stages of development within 
the beds, with some tall, thick, flowering stands providing good cover for foraging water 
shrews. The site is adjacent to water meadows (holding SSSI status) and small areas of 
unexploited water cress, and it provides an excellent habitat generally for water shrews. Visual 
survey proved difficult because of the extensive riparian vegetation on the site. No food 
remains or scats of water shrews were found, but some burrows were located.
4.1.6 Alresford Weir
This 1 ha site beside the River Aire combines managed water-cress beds with an 
adjacent stretch of pristine shallow river. The visual assessment (and live-trapping survey) 
concentrated on the river bank as an example of natural habitat for water shrews. It supports 
rank vegetation of forbs and grasses up to 1 m  in height which is mown only 1-2 times per 
year. No food remains or scats of water shrews were found but burrow entrances of 
unidentified origin were found, along with faeces of bank voles.
4.2 Live-trapping survey
Based upon the results of the visual surveys, five sites were chosen for the live- 
trapping survey. These included two sites subject to increased habitat management since the last 
survey in 1982 (Alresford Pond and Bishop’s Sutton) and two sites (Itchen Stoke and 
Tichbome) subject to 'sympathetic' management which has remained unchanged since the last 
survey. Previous surveys had shown that all four of these sites had supported water shrews 
regularly, and visual examination during the present project had revealed signs of these shrews.
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A fifth site was also chosen as being more representative of typical water shrew habitat, namely 
river bank at Alresford Weir. This site had not been surveyed in previous years. Although 
water shrews had not been confirmed by the visual examination, it looked a promising site. The 
absence of confirmed field signs of water shrews coupled with the judged unsuitability of the 
habitat lead to the decision not to carry out live-trapping at the Bighton site.
4.2.1 Site occurrence of water shrews
The number of water shrews captured (individuals and total captures) at each site is 
shown in Table 1. Trapping effort (in terms of the number of traps used) differed between 
sites, and so results are also provided as numbers of captures per 50 trap nights to permit 
comparison between sites. An indication of the management scheme in operation at each site is 
given.
The trapping survey confirmed the continued presence of water shrews in the three of 
the four sites surveyed in previous years, and added Alresford Weir to the list of locations 
inhabited by these shrews. It did not confirm the continued presence of water shrews at 
Bishop's Sutton. Numbers differed between sites and, with the possible exception of the 
Bishop's Sutton site, high levels of habitat management did not prevent occupancy by water 
shrews. The absence of water shrews at Bishop's Sutton, despite it having been a favoured site 
during previous surveys, was coincident with bank clearance and the increased frequency of 
mowing.
4.2.2 Population structure
The sexes and age categories of the water shrews captured is shown in Table 2. The 
majority of individuals were juveniles, as expected at this time of year when females are 
occupied with rearing young and males are wandering widely in search of mates. The presence 
of both juveniles and breeding adults at most sites indicates viable, ongoing populations. All 
individuals captured were in good condition, with excellent pelage, body weights in line with 
the expected, and few external parasites.
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4.2.3 Population estimates, and comparisons with previous surveys
Estimates of population density rely upon mark-recapture data. This survey was too 
brief to provide adequate data of this kind, although individuals were marked. But, tentative 
estimates of population density, based upon minimum numbers known to be alive and the 
catchment area subject to trapping, are given in Table 1.
Alresford Pond, Itchen Stoke and Bishop's Sutton had been surveyed at intervals by 
live-trapping over a two-year period in 1980-1982. The capture rates and the minimum number 
of water shrews known to be alive by trapping and mark-recapture in July 1996 at Alresford 
Pond and Itchen Stoke exceeded those at the same sites at the equivalent time of year (July 
1982) during the previous survey (see Table 3). In fact, capture rate and numbers of 
individuals at Alresford Pond in July 1996 exceeded those at any time during the previous 
survey at that site. 
4.2.4 Influence of habitat management on water shrews
The influence of habitat management on the occurrence of water shrews was 
investigated more closely by comparing numbers of captures made at trap sites subject to 
different mowing regimes (Table 4). The frequency of mowing ranged from 1-2 times per year 
to approximately twice per month. Bishop’s Sutton was excluded from the analysis because no 
water shrews were captured there. It is clear that regular mowing does not deter water shrews 
altogether. But they were least abundant, and least active (as shown by total captures), in 
frequently mown sites. Water shrew numbers and activity showed no differences between sites 
mown rarely (1-2 times yearly) and sites mown occasionally (once per month).
4.2.5 Occurrence of other sm all mammals
In addition to water shrews, bank voles (Clethrionomys glareolus) and wood mice 
(Apodemus sylvaticus) were captured at each of the sites, including Bishop's Sutton where 
water shrews were absent Common shrews {Sorex araneus) were also numerous at most sites 
(see Table 5).
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4.3 Use of hair tubes and bait stations
Preliminary trials with hair tubes yielded inconclusive results since the diameter of the 
tubes appeared to have been too great to collect samples of hair reliably. However, further 
microscopical analysis is required before recommendations can be made.
In contrast, the bait stations proved very successful. The presence of water shrews at 
each of the three study areas investigated was confirmed by the positive identification of their 
scats in the bait stations. Microscopical analyses of the material found in the bait stations 
yielded rapid and reliable results, with remains of aquatic crustaceans, Plecoptera nymphs, 
gastropods and ostracods being clearly visible. Of 18 bait stations recovered from the study 
areas, 82% of them contained scats of water shrews. Ninety percent of the large-diameter black 
tubes and 75% of the smail-diameter white tubes contained water shrew scats.
5. DISCUSSION
5.1 Assessment of survey methods
5.1.1 Visual assessment
Visual surveys took the form of initial assessment of habitat suitability for water 
shrews, followed by examination for field signs of shrews (scats, food remains and burrows, 
see above). The visual surveys carried out were mostly successful in predicting the presence of 
water shrews which were then confirmed by live-trapping. The exception was Bishop's Sutton 
where prey remains were the only sign found to indicate water shrews, and none were 
captured. However, these prey remains were of doubtful age.
Most reliable of the field signs are generally scats, faecal middens and food remains, 
but all are difficult to find, especially in heavily-vegetated habitats. However, guidelines could 
be produced on the identification of these field signs and the best places to look for them. 
Confirmation of water shrew scats can easily and quickly be provided if samples are available. 
Burrow entrances can also be a useful field sign but can be confused with bank voles’ burrows 
(which are also used by water shrews), and it is often not possible to distinguish between 
burrows currently in use and abandoned ones.
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5.1.2 Use of hair tubes and bait stations
Further work is necessary to validate the use of hair tubes as a survey method, but their 
potential has been superceded by the success of the bait stations which have proved to be a 
better option, providing rapid results. These are easy-to-use and cheap: the cost of large- and 
small- diameter tubes for bait stations was 67p and 30p each, respectively (plus the cost of 
bait). The small-diameter white tubing is recommended because its slightly lower success rate 
(compared with the large-diameter tubing) was offset by its greater visibility (making it easier to 
recover from the field), the ease with which any scats inside could be seen, and its cheapness.
More trials are needed to further validate the use of bait stations in a wider range of habitats, 
particularly along river- and stream-banks, and a sampling protocol devised.
5.1.3 Assessment of food resource base
As part of our habitat assessment we are undertaking a study of inter-site and inter- 
seasonal differences in prey available to water shrews* Both freshwater and terrestrial 
invertebrate availability (abundance and biomass) at four different sites in the Alresford study 
area are being investigated as a research project by a final-year student of Biological Sciences at 
King's College, London. This should provide useful information about the suitability of sites 
for water shrews, and contribute to a predictive model of suitable habitat
6. CONCLUSIONS
1. The live-trapping survey revealed that populations of water shrews in the Itchen and Aire 
catchment area are buoyant Captures in July 1996 were greater than those at the same sites in 
the equivalent month during the last survey in 1982.
2. Water shrews are maintaining populations in areas subject to regular and frequent habitat 
management, as well as in areas with less rigorous management schemes. The presence of 
breeding adults as well as juveniles at all sites indicated that these habitats are not populated 
simply by transient, dispersing individuals.
3. Regular vegetation clearance on banks (without removal of cuttings) does not deter 
habitation by water shrews, but more individuals were captured at trap sites where vegetation 
was rarely or occasionally mown compared with those mown closely and frequently.
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4. Human disturbance (as in cutting, rolling, clearing and re-seeding of water cress, and 
mowing of banks) does not deter water shrews.
5. The correlation between habitat quality (particularly human disturbance, bank management, 
pesticide use, water quality and prey resource base) and water shrew numbers and activity 
remains largely unknown and requires further study.
6. Bait stations have great potential as an easy-to-use and cheap survey method for water 
shrews.
7. RECOMMENDATIONS
Below are some recommendations which stem from the present project, and which 
would benefit from involvement by, and support from, the Environment Agency.
1. The present survey has highlighted the lack of information about annual population trends 
of the water shrew. A population census should be undertaken on a regular basis (every one to 
two years) in the same sites so that changes in occurrence and status can be monitored and 
documented.
2. The area of investigation should be enlarged with the aim of instituting a nationwide survey 
of the occurrence and population trends of the water shrew. Cooperation from local Wildlife 
Trusts, the Mammal Society and interested individuals would facilitate such a survey.
3. A detailed investigation of the habitat occurrence and requirements of water shrews is 
urgently required.
4. To assist in the water shrew surveys, and enable the participation of Agency staff, local 
wildlife groups and other third parties, the development of appropriate, easy-to-use and 
economical surveying techniques should be researched. Further validation of the use of bait 
stations as a survey method should be made in a range of habitats, and a sampling protocol 
devised, with assistance from Agency staff and other third parties.
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Table 1. Results of live-trapping for Water shrews, July 1996.
Site Management
scheme
No. individuals 
captured
Total captures No. individuals 
per .50 trap nights
Approx. 
pop. density 
No./ha
lichen Stoke M1 11 1 9 8.6 1 4
Alresford Weir M1 2 2 2.8 4
Tichborne M2 6 20 2.8 6
Alresford Pond M3 9 1 3 5.5 9
Bishop's Sutton M3 0 0 0 0
M l: banks mown rarely 
M2: banks mown occasionally 
M3: banks mown frequently
Table 2. Sexes and age categories of water shrews captured
Site Female
juven ile
Male
juvenile
Female
adult
Male
adult
Total
lichen Stoke 3 5 2 1 11
Alresford Weir 0 2 0 0 2
Tichborne 2 3 1 0 6
Alresford Pond 4 4 1 0 9
Total 9 1 4 4 1 28
Table 3. Comparison of water shrew captures at
survey sites in July 1996 and July 1982
JULY 1996 JULY 1982
Site MNA No./50 trap 
n ights
MNA No./50 trap 
nights
Alresford Pond 9 5.5 3 1.4
Itchen Stoke 1 1 8.6 2 4.2
MNA « Minimum number of individuals known to be alive
Table 4. Captures of water shrews at trap sites subject to different mowing regimes.
Rarely mown Occasionally mown Frequently mown
(1-2 times per year) (once per month) (twice per month)
No. of No./50 trap Total No. of No./50 trap Total No. of No./50 trap Total
Site individs. nights captures individs. nights captures individs. nights captures
Itchen Stoke 11 5.7 19 -  -  - -  -  -
Alresford Weir 2 2.8 2 — — — -  -  -
Tichborne 6 2.8 20 _  _  _ -  -
Alresford Old Pond — — — 6 5.0 10 3 2.4 4
Total 1 9 4.0 41 6 5.0 10 3 , 2.4 4
Table 5. Total captures of common shrews, bank voles and 
wood mice (including recaptures*).
Site Sorex
araneus
Ciethrionomys
glareolus
Apodemus
sylvaticus
Itchen Stoke 5 3 1
Alresford Weir 0 2 2
Tichborne 1 3 5 5
Alresford Pond 36 6 2
Bishop's Sutton 2 4 2
■ these species were not individually marked
ENVIRONMENT AGENCY SPECIES ACTION PLA N
FOR ENGLAND AND WALES
DAUBENTON’S BAT - Mvotis daubentonii
Summary
Daubenton’s bat is widespread in England and Wales, but it is vulnerable for several reasons. It has a 
very strong dependence on water, making it critically dependant on water quality and riparian habitat 
structure. Major roosts are often in vulnerable locations, e.g. in the stonework o f  bridges. Relatively 
few breeding colonies are known, and little is known about their requirements. A ction is needed to 
protect and enhance foraging and roosting sites, and research into breeding colonies should be 
carried out.
1. Priority Statement
1.1 Under Research and Development Project XXX (check with Andrew Heaton)
dependence on wetland habitats should mean it is a high priority species for the 
EA.
1.2 Daubenton’s bat is listed in the Biodiversity Steering Group Report (1995) as a key
species, included in the “Long list” because of full protection afforded under the 
WCA (1981) Schedule 5 and unfavourable status in Europe.
1.3 In England. Daubenton’s bat has been given a medium priority for conservation
action particularly for status surveys as inadequate data are available (Mitchell- 
Jones, 1996).
1.4 This SAP addresses many of the points raised in the BCT's Action plan for the
conservation of bats in the United Kingdom (Hutson 1993).
2. Action Plan Objectives
2.1 Short term: To provide written guidance on practical management techniques designed 
to maintain and enhance Daubenton’s bat populations, which may be utilised by the EA  
in its operational activities, as well as by others.
2.2 Medium term: To implement management techniques for Daubenton’s bats wherever 
possible and appropriate, and to promote their use by others.
2.3 Long term: To demonstrate the enhancement o f Daubenton’s bat populations by means 
o f  appropriate monitoring. Monitoring can be carried out using ultrasound detectors, 
counting bat passes/unit time in predetermined areas, since roost sites are rare, and may 
not hold the breeding population, they are unlikely to be as useful as standardised bat 
pass counts (Warren et al.y 1996).
3.1 Listed in Schedule 5b o f  the Wildlife and Countryside Act, 1981, Daubenton’s bat, in 
common with all other UK species, is protected against intentional killing, injuring or 
taking, and their roosts are protected against damage, destruction or obstruction. It is 
also an offence to disturb bats while they are occupying a roost or hibernating.
3.2 Additional protection (notably o f  feeding habitat) is provided by the (Bern) Convention 
on the Conservation o f  European W ildlife and Natural Habitats, 1982. All species o f  bats 
except the pipistrelle are listed in Appendix 1 1, which requires they are given special 
protection; the Agreement on the Conservation o f  Bats in Europe (Bonn Convention on 
the Conservation o f  Migratory Species o f  W ild Animals, 1992, Appendix 11) and the 
European Communities Directive on the Conservation o f Natural and Semi-natural 
Habitats and o f  Wild Fauna and Flora, 1992.(Annex lVa.)
Biological Assessment
4.1. Status
Daubenton’s bat is widespread throughout England and Wales, but is largely restricted to 
riparian habitats. The little information available on population trends in the UK is 
conflicting. Increases have been reported in Europe, which may be a result o f  pollution 
causing eutrophication o f  water bodies and increasing availability o f prey such as 
Chironomids, or an artefact o f  increased numbers at a shrinking number o f  good foraging 
sites (see Harris et al., 1995).
4 .2  Ecology
Rarely found away from riparian habitats, Daubenton’s bat forages over open water, 
taking insects in flight, from the water surface or the 1 m of airspace above the water. 
Preys primarily on Diptera and Trichoptera (reviewed by Vaughan, 1997). On rivers it 
shows a strong preference for smooth flow ing water with significant tree cover on both 
banks (Warren et al., 1996). It typically forages over a short stretch o f  river, but can be 
found up to 5 km from the roost, and can travel much further. Also forages over canals, 
lakes and even quite small ponds. R oosts are found in tree holes, the stonework o f  
bridges, and in buildings, rarely far from open water. Few breeding colonies are known 
(c. 60, A.L. Walsh, pers. com m .), and in summer there is evidence for sexual 
segregation, with males found further upstream than females (Warren et al., 1996). 
Known hibernation sites are primarily in caves, mines, tunnels and the stonework o f  
bridges. Adopting a precautionary principle w e should assume that some individuals 
hibernate in trees This profoundly affects the management o f  trees, such as the timing o f  
surgery.
4.3 Distribution and Population
Widespread in Europe and southern Siberia east to the Pacific. The England and Wales 
population is an estimated 110,000 (Harris e t al ., 1995), but this is based on very limited 
information. Stebbings and Griffith (19 8 6 ) classify it as “not threatened?” .
Legal Status
Limiting factors
4.4.1 Fragmentation and isolation o f  preferred foraging habitat. Importance - medium
The discontinuity o f  riparian woodland probably limits the foraging time available 
to Daubenton’s bats. Continuous riparian woodland is probably most important in 
the vicinity o f roosts. Distribution and density, particularly o f  nursery colonies, 
may be limited by the area o f  suitable water over which to forage.
4.4.2 Roost site availability. Importance - medium/high
Loss o f  roost sites in trees, buildings (such as chimneys, bridges) close to suitable 
foraging sites is probably an important limiting factor.
4.4.3 Loss o f  hibernation sites Importance - medium/high
Loss o f  hibernation sites in caves, mines, tunnels, and probably trees, due to 
restoration works, mine capping, disturbance.
4.4.4 Habitat loss and modification Importance - medium
Agricultural run-off (nutrients, herbicides and pesticides, etc.) into rivers, canals 
and lakes, and loss o f  bankside vegetation will lead to habitat loss and degradation. 
Inappropriate water management, such as excessive extraction will lead to  loss o f  
key foraging areas.
4.4 5 Prey availability Importance - medium
Agricultural run-off, particularly o f pesticides, could reduce prey abundance and 
diversity, as could inappropriate water management, which may affect key stages in 
insect prey life cycles.
4.4.6 Loss o f  roost sites Importance - high
Inappropriate management o f bank side trees and trees in nearby woodland would 
reduce the number o f  potential roost sites, primarily by the removal or excessive  
surgery o f old trees. Inappropriate bridge maintenance has the potential for 
catastrophic destruction o f  roost sites and resident bats.
4.4.7 Fluctuations in the quality and quantity o f  water. Importance - medium
In the short to medium term Daubenton’s bat may be limited by pollution incidents 
that reduce prey availability, and by fluctuations in water levels. In the longer term, 
climate change may reduce water levels in some catchments to such low levels in 
summer that foraging habitat for Daubenton’s bat is lost. On a national scale this 
may cause population declines.
5 Conservation Action to Date
5.1 All UK bat species and their roosts are protected by the Wildlife and Countryside Act, 
1981. The Bat Conservation Trust (BC T) and the county Bat Groups assist EN and 
CCW in the enforcement o f  the act by answering public enquiries and visiting roosts 
under potential threat, in addition to  carrying out a wide range o f  practical conservation 
measures including survey and monitoring. Most bat groups/county Wildlife Trusts keep 
detailed records, and the BCT is working to standardise these. EN and CCW also hold 
records o f  roost sites. The BCT has published an “Action Plan for the Conservation o f  
Bats in the UK” (Hutson, 1993), reviewing progress, and suggesting where future effort 
might be best directed. The recent National Bat Habitat Survey (Walsh and Harris, 
1996a,b) is the first to look at the abundance o f  bats on a national and a local scale and 
determine habitat preferences in a major survey. This is being followed up by a D o f E 
funded project to the BCT to establish methods for the monitoring o f  bats in roosts, 
foraging areas and hibemacula. There are no programs specific to Daubenton’s bat.
6 • Proposed Action
6.1 Policy and Legislative
Action I: Promote Action Plan for national endorsement by JNCC/DOE as a 
contribution to the Biodiversity Steering Group Report Action Plans.
6.2 Site safeguard, Land Acquisition and Management
Action 2: Major breeding and non breeding roosts (containing > 50 adults) to be 
considered for county wildlife /  SSSI status and for all roosts, the associated riparian 
habitat identified and appropriately managed.
Action 3: R oosts in bridges given special consideration. Local authorities notified and bat 
friendly restoration/repair guidelines to be followed. Management: implement 
management guidelines to maintain and improve foraging and roosting sites. Priority - 
medium. EA, farming community, various conservation bodies.
EA action: help identify, protect and enhance roost sites and associated riparian and 
aquatic habitats in liaison with NGOs, landowners and statutory agencies. Assist 
management o f  sites where appropriate.
6.3 Species M anagement, Protection and Licensing
Action 4: Training for bridge repairers and tree surgeons in the recognition o f  sites as 
potential bat roosts, and application o f  the precautionary principle.
EA action. Participate and contribute to training days.
6.4 Advisory
Action 5: Advice to landowners on appropriate ways to manage water courses/bodies 
and their catchments, bank side vegetation and woodland. Advice to authorities
responsible for bridge maintenance. Priority - high. EA, farming advisory groups, other 
landowners, local authorities, Highways Agency.
EA action: advice to landowners agencies where appropriate.
6.5 International
Action 6: Monitor Daubenton’s bat at the edges of its range (to document any 
contractions).
6.6 Future Research and Monitoring
Action 7: Further research to establish location, population densities and habitat 
requirements o f breeding colonies. Priority - high. EA, EN, CCW, etc.
EA action: support for further research.
6.7 Communications and Publicity
Action 8: Publication o f  management guidelines, for use by landowners and managers. 
Priority - high. EA, EN, CCW, other conservation bodies.
EA action: publication o f advisory leaflet.
7 Action Plan Review
7.1 This plan will be reviewed after 3 years (2000).
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ENVIRONMENT AGENCY MANAGEMENT GU ID ELINES
DAUBENTON’S BAT - Mvotis daubentonii
Distribution and Status
Daubenton’s bat is widely distributed in Britain and Ireland. Harris e ta i (1995) estimated the 
English and Welsh population to be 110,000, with 40,000 in Scotland, although the reliability of 
this estimate is very poor. A decline in numbers has been reported in the north of Scotland where 
Daubenton’s bat is least common species. There is no evidence of decline in the rest of Britain, 
and it may have increased, as appears to have been the case in continental Europe. Roost sites for 
this species are notoriously difficult to find. In Britain only about 60 maternity roosts sites are 
known (A.L. Walsh, pers. com.).
Habitat requirements
Summer
Daubenton’s bat is the most closely associated bat with riparian and wetland habitats in Britain. 
They feed almost exclusively above water (for detailed review and references see Racey, 1996; 
Warren et al., 1996, Warren e t a l 1997). Daubenton’s bat prefers to forage over pools or areas 
of smooth calm moving water bounded by tree and other riparian vegetation. They typically forage 
for insects less than 1 m above water and often break the surface taking insects from the water 
itself. Daubenton’s bats have been reported to forage in woodland early in the season and move to 
riparian habitats in late spring). Main feeding areas have been related to overhanging vegetation 
and emerging water weed (Richardson 1985). Warren et al., (1996) found that the bats preferred 
areas of still water with trees on both sides of the river. Daubenton’s bats have been recorded to 
regularly forage 2 km along canals and travel over 10 km although not necessarily for feeding 
(Richardson, 1985). Daubs bats feed primarily along a 1-2 km stretch of river or canal, but 
occasionally fly up to 4.5 km or more from roost or capture site to feed (Richardson, 1985;
Warren et al., 1996).
Water quality requirements are not known but presumably the quality must be good enough to 
support a sufficient biomass of emergent insects throughout the foraging year, and. be sufficient in 
volume to form areas of smooth water over which bats can forage.
Daubenton’s bats have been recorded avoiding crossing open areas and commute along linear 
landscape elements such as vegetation or hedgerows to reach their hunting.
Winter
Undisturbed caves, mines and tunnels (and probably tree holes, culverts, rock piles, etc.)
Food requirements
The diet of Daubenton’s bat consists o f insects, in particular nematoceran Diptera and Trichoptera 
(reviewed by Vaughan, 1997).
Roosting requirements and Ecology
Reviewed by Warren et al. (1997). Daubenton’s bats emerge from hibernation in April and May, 
and will forage throughout the night. The evening emergence occurs 15-130 min after sunset 
(range). Summer roosts are usually found in tree holes, buildings or bridges. Nursery roosts are 
thought to be predominantly female and are usually close to water. Daubenton’s bats are known to 
roost with other bat species such as brown long-eared, noctule, Natterer’s and whiskered bats, but 
most Daubenton’s bat-colonies investigated are single species. Night roosts are recorded to be 
very close to main hunting grounds and the animals may rest for several hours during the night. 
Daubenton’s bats typically enter hibemacula in October, choosing to overwinter in caves and 
crevices, and man-made tunnels and mines. Bats may emerge during the winter. Other sites, such 
as trees and bridges may also be used.
Management for Daubenton’s Bats
Prologue
Warren et al. (1996) found evidence of sexual segregation of roosting and foraging bats. Adopting 
a precautionary principle it would be appropriate to manage for Daubenton’s bat at the catchment 
level, to ensure protection of a viable, reproducing population. This strategy would also benefit 
other wildlife, such as otters.
a. Woodland and Vegetation
Riparian woodland corridors and vegetation should be created or maintained to encourage 
insects. Trees should be maintained or planted on both banks of rivers and canals. Linear 
landscape elements along which the bats can commute from roost sites to rivers and other 
water bodies are also important. Hedgerows should therefore be encouraged as field 
boundaries, and trees maintained and/or planted on small feeder streams. The key is to 
provide continuity of riparian woodland between roosting and prime feeding-sites. This 
woodland should contain trees which can be used as day/nighr roosts. Veteran trees should 
be retained, and these may have to be managed to prevent them from breaking up (e.g. by 
pollarding or other tree surgery) or from falling into the river. Woodland close to water 
offers potential foraging sites early in the year.
The Phytophora infection of native alder which is spreading through England and parts of 
Wales is of some concern. We recommend that research to control the disease is stepped 
up, and that contingency plans for replanting (perhaps with disease resistant natives) are 
developed.
Foraging activity and feeding success over large water bodies are probably greatest in the 
marginal ientic zone: management for Daubenton’s bat are probably best confined to 
within 25 m of the water’s edge, in the absence of contrary evidence.
Maintaining, and where possible enhancing, riparian woodland would serve to buffer water 
bodies from the effects of agrochemical spray drifts and other pollutants such as FYM and 
slurry. In addition to acting as buffer zones, designation of tranquil areas of riverbanks or 
the sides of canals and lakes could provide havens for otters, roost sites for bats and 
feeding resting areas for a range of other wildlife. These areas should not be grazed by 
livestock, and there should be a general policy of nonintervention, to include tree surgery.
Foraging sites
The density and distribution of Daubenton’s bats, particularly of nursery colonies, may be 
limited by the area of suitable water over which to forage. Smooth pools should be 
encouraged on stretches of river with surrounding riparian vegetation, particularly where 
trees are present on both sides of the river, since these are primary foraging sites. In lakes 
(and large ponds) sheltered bays in shallow areas, in which bats can feed, can be created by 
treeplanting. South facing sides would be best as they are warmer and more productive.
The creation or recreation of water bodies (e.g. restoration of large ponds and canal 
systems) with appropriate riparian vegetation, should be encouraged.
Roost sites
Woodland areas close to rivers and other water bodies should be maintained or created and 
old trees preserved for potential roost sites. Renovation of bridges and buildings close to 
rivers should be closely monitored to prevent the exclusion or trapping of bats through 
blocking of the roost site entrances and destruction of roosts. Potential hibemacula such as 
caves, mines and tunnels should be left undisturbed where possible. Entrances to such sites 
may be restricted through the use of grills through which bats can pass.
Roost site creation in bridges and trees may be useful in situations where they may be a 
limiting factor. The use of cordite to blow up parts of trees, to reduce top heaviness and 
prolong life, encourages fungal entry and the formation of holes which may serve as roosts. 
Specially designed roosts may be attached to bridges.
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Summary
Bat activity along the upper reaches of the River Wharfe, North Yorkshire was high, with a mean of
20.1 bat passes per kilometre: considerably higher than the means of 8-10 found during the National 
Bat Habitat Survery for various land classes (Walsh and Harris, 1996). The mean number of Myotis 
bats per kilometre was 8.9 and that for Pipistrellus pipistrellus 11.2. 82% of Myotis bats caught in 
harp traps set up directly over the river were Daubenton’s bats (Myotis daubentonii) and the 
remaining 18% Natterers bats (M nattereri). Both ‘species’ of pipistrelle (P. pipistrellus spp.) (45 
and 55 kHz phonic types) were recorded along the river, but only 5 passes were of 55 kHz bats. 
Incidental recordings of noctule bats (Nyctalus noctula) and Brown long-eared bats {Plecotus 
auritus) were made.
M. daubentonii were predominantly active around areas of river where there were woody trees on 
both banks and where the water surface was relatively smooth. Insects were significantly more 
abundant in the air space immediately above the water when trees were present on at least one bank. 
The number of insects was also significantly greater over smooth water, relative to rapidly flowing or 
white water. The insects found by sampling were primarily Diptera (77% by number: Brachycera 
44%, Nematocera 22% and Cyclorrapha 6%), Hemiptera (9%), and Trichoptera (7%), with small 
numbers of other groups.
Radio-telemetry revealed that an individual male M  daubentonii foraged over the same 1.5 km of 
river for 4 consecutive nights in July. A bat fitted with a transmitter during September travelled at 
least 2 km downstream, but detailed foraging patterns are not known. One bat caught and ringed 
with reflective tape was found foraging 4.5 km downstream.
Two roost sites, in tree holes in old ash/wych elm woodland 0.5 km from the river, were used by a 
radio-tagged M. daubentonii. One of the roosts contained at least 13 other bats. Roosts were also 
found in Kettlewell bridge (minimum of 64 bats) and Skirfare bridge (min. 30 bats), 1.75 km beyond 
the southern limit of the study site.
36 of the 37 M. daubentonii caught to date were male. One female was caught in September at the 
beginning of the mating season.
Introduction
The field study had two principal aims: to determine the habitat requirements of M. daubentonii, and 
to assess the suitability of the species as a model system/indicator of riparian habitat quality. Based 
on this study, and a literature review of the species, the following documents have been prepared:
(a) A review of the biology of M. daubentonii, with particular reference to its use of rivers.
(b) A report of the results of the field study
(c) Species Management Guidelines for M. danbentonii
(d) Species Action Plan forM  daubentonii.
(e) Species Management Guidelines for all bat species in relation to river catchments.
M  daubentonii is more closely associated with riparian and wetland habitats than any other species 
o f bat in Britain. They feed almost exclusively in the lm air space above water or from the water 
surface itself (Jones & Rayner, 1988; Kalko & Schnitzler, 1989; Miller & Degn, 1981; Nyholm,
1965; Swift & Racey, 1983; Vaughan, 1997) and roost close to water (Barrett-Hamilton 1910-1911, 
Nyholm 1965, Speakman et al. 1991). They feed predominantly on nematoceran Diptera and 
Trichoptera (Nyholm 1965, Sullivan et a i  1993, Swift & Racey 1983;). As insectivores, the 
abundance of these bats should reflect the ‘quality’ of the water and riparian vegetation of a river:
i.e. its ability to support trophic levels lower in the food chain. As these bats are generally more 
numerous and easier to record than other vertebrates associated with water, they are potentially an 
ideal indicator species for wildlife river quality. Ultrasound recording of bats made on timed transects 
have been used to quantify habitat preferences for M  daubentonii (and P. pipistrellus), radio­
telemetry has been used to determine the foraging patterns of individual bats, and the diet and 
available prey have been determined from faecal analysis and insect sampling. This report summarises 
findings from the first year of study.
Study site and Methods
The study site was a 14 km stretch of upper Wharfedale, in the Yorkshire Dales National Park, 
between Yockenthwaite (GR SD905791, 270m above sea-level) and Kettlewell (SD970723, 210m). 
The dale is a glaciated valley, with a misfit river, the Wharfe, which is bounded primarily by 
unimproved/semi-improved pasture and hay meadow, and passes through or close to the small 
villages of Hubberholme, Buckden, Starbotton and Kettlewell. The flat valley floor is rarely more 
than 1km wide, and the steep sides rise to moorland over 600m above sea-level. The entire upper 
dale is within the Great Scar Limestone area, and the slopes are characterised by stepped rock scars, 
with deciduous woodland. There are many caves and potholes, and a few disused 19th century lead 
mines. Much of the dale is owned and managed by the National Trust, there are numerous SSSI 
sites, and it is within an Environmentally Sensitive Area (Pennine Dales Hay Meadows). The river 
Wharfe is prone to flooding, and there have been attempts in the past to manage the river, with 
artificial levees and a gravel trap.
Transects. The length of the river under study was divided into 8 approximately equal transects. In 
early July; each transect was selected randomly and walked at a constant, fast (-3.5 km h*1) walking 
pace starting 30 min after sunset. Transects were walked on warm evenings (10-19°C at the start of 
the transect) without rain or heavy wind. A Pettersson D980 time-expanding ultrasound detector 
was used to determine the presence of bats by listening to the broadband frequency division facility. 
Simultaneously, recordings were made of all bats encountered by sampling the received ultrasound at 
a sampling rate of 450 kHz, and down-loading a 10X time-expanded sequence into a Sony 
professional walkman WM-D6C for later analysis. Dictaphone notes were taken of the positions of 
bats recorded, and the times at which identifiable distance markers such as walls and bridges were 
passed. Since walkman tape ran continuously, the time of any bat encountered, as measured by tape 
position, translated accurately to a position along the transect. When the transect was completed in 
one direction, it was walked in reverse starting 60 min after sunset. This was to investigate the 
influence of sampling time on bat distributions and feeding activity. The river and its banks were 
rarely more than 10m wide, and never more than 20m, so all bats flying over the water surface or 
banks were within range of the detector. Spectrographic analysis of time-expanded recordings was
/
performed with custom written routines for MATLAB on a PC. Spectrograms were constructed of 
calls using a 512 point Fast Fourier Transform with Hamming window to separate Pipistrellus 
species from Myotis species. Calls from ail three species are shown in Fig. 1. These are from known 
bats, released after being captured in a harp trap. It may be possible to identify M  daubentonii and 
M. nattereri (the two Myotis species caught in harp traps, see below) from their sonar calls, and an 
analysis of all tapes will be carried out over the winter, with this aim. Of the Myotis bats caught in 
harp traps, 18% were M. nattereri (3 of 17).
The identity of each bat was determined, and its position marked on enlarged sections of the OS 
10,000 map of the area. On the same map, the major physical features of the river were marked: the 
presence of trees (>5 m high with no breaks >5m in length) on one or both banks, and whether the 
water surface was smooth, cluttered (had projecting rocks and riffles), or rapid (with white water 
and heavy ripples). Data were expressed as the total number of bats recorded within a habitat type, 
divided by the total length of that habitat in km. A x2 contingency table was constructed to compare 
the number of Myotis bats and Pipistrellus bats recorded in the various habitat combinations. 
Bonferroni confidence intervals were constructed at the P<0.05 level to determine which habitats 
were’used significantly more or less than in proportion to availability (Neu et al., 1974).
Insect sampling. Insects were sampled by sweep netting between 30 and 120 min after sunset (when 
Daubenton’s bats are feeding) on four nights in August 1996 (14-16°C, little wind, no rain). At each 
of 4 locations roughly equidistant along the section of river under study, sample sites were chosen 
over smooth, cluttered and rapid water surfaces, with trees on both banks and without trees. Start 
times were the same on each night, and the order of sampling each site rotated. At each site, 20 180° 
sweeps of the net were made just above the water surface. Insects were then collected with a pooter 
and stored for subsequent classification down to family level (Chinery, 1993).
Radio-telemetry. Small (0.44g) radio transmitters (Holohil, Ontario, Canada) were tested for 
suitability in July 1996. They are the smallest available, and came onto the market only recently. We 
therefore felt it essential to field test them before making a major financial commitment. Only bats 
over 9g were used, to ensure that the transmitter was <5% body mass. Additional transmitters were 
obtained for use in September. Bats were caught using a harp trap (catching area 2,2x2.8 m) erected 
over the river, where branches of bankside trees restricted the airspace over the water to <3 m in 
width. All bats caught were ringed using Mammal Society rings. Narrow bands of reflective tape 
(Scotchlite) were glued to the rings of some bats, which could then be clearly identified when bats 
flew through a torch beam. Radio transmitters were glued directly onto the skin, after trimming the 
fur, using a surgical glue (Skinbond Inc.). Bats were kept in a quiet spot, in a bag, for Ji h before 
release, after which they were followed continuously until they returned to the roost or were lost.
Faecal analysis. Faeces were collected from underneath roosts in bridges, and from captured bats, 
which always left faeces in the holding bags. Insect families present in the faeces will be determined 
and a reference collection of insects captures during the study. These data are currently being 
analysed.
Results
Transects: The results are summarised in Table 1, which shows the number of bats km'1 recorded 
within each habitat type on the return leg of each transect (60-90 min after sunset). Significantly 
fewer bats were recorded on the outward leg o f each transect, with particularly few Daubenton’s, 
reflecting their later emergence from the roost. Data from the outward leg was not used in this 
analysis, since comparatively few Daubenton’s bats were recorded. Since 82% of Myotis bats caught 
in harp traps were M  daubentonii (see below), it has been assumed for simplicity that all Myotis bats 
recorded on the transects were M. daubentonii. We hope to be able to separate M. daubentonii and 
M. nattereri in a second analysis shortly. A x2 analysis showed that the bats were not randomly 
distributed between the different habitat types (P<0.05 for both M. daubentonii and P. pipistrellus). 
The z statistic was used to calculate 95% Bonferroni confidence intervals, and these results are also 
shown: l+’ signifies a habitat used with greater frequency than expected, and *-* habitats selected 
against. Other habitats were used in proportion to the length available. With the exception of 
stretches of river with a cluttered surface and no trees present on either bank, all habitats were well 
represented (Table 2).
M. daubentonii showed a clear preference for stretches of river with a smooth water surface and 
trees on both banks. All but one of the other habitats were used in proportion to availability, but the 
large variability in the results may mask more subtle influences. P. pipistrellus also showed a clear 
preference for smooth stretches of river with trees on both banks.
Table 1.
M. daubentonii Water character
(bat passes km'1) smooth cluttered rapid
(meandbs.d.) not present 4 .1±2.3 - 7.7±10.9 3.0±1.4
trees present on one bank 6.9±4.9 3.2±2.3 4.9±2.8
present on both banks 24.3±16.7 + 5.4±0.7 4.4±1.7
P. pipistrellus Water character
(bat passes km'1) smooth cluttered rapid
(mean±s.d.) not present 7.4±0.3 7.7±10.9 12.1±5.7
trees present on one bank 12.2±1.4 2.4±1.1 - 5.3±2.1
present on both banks 17.9±8.8 + 15.7±2.8 7.7±7.4
Table 2.
total habitat length Water character
(km) smooth cluttered rapid
not present 2.103 0.065 0.498
trees present on one bank 3.56 0.623 1.03
present on both banks 2.41 1.018 1.24
Insect sampling. The results are summarised in Fig. 2. The mean number of insects trapped was 
significantly greater on stretches of river with trees present on both banks than on tree-less stretches 
(P<0.001), and on stretches with a smooth, relative to a rapid, surface (P<0.05) (2 way ANOVAon
log transform ed data). The num ber o f  insects trap p ed  o v e r clu ttered  water w as in te rm e d ia te  to  th o se  
over sm ooth  and rapid surfaces, but not significantly different from  either. T he in sec ts  fo u n d  w ere  
primarily D iptera (77%  by number: B rachycera  44% , N em atocera  22%  and C y c lo rra p h a  6 % ), 
H em iptera (9% ), T richoptera (7% ), with small num bers o f  o ther groups.
Fig. 2
F a e c a l  analysis. In  p ro g ress
R adio-telem etry . A  m ale  M  dauben ton ii, trapped  and fitted w ith a transm itter on 16th J u ly  1996 
w as followed continuously for 4 consecutive nights, w ith  visual contact being m ade at f re q u e n t  
intervals. A fter release at m idnight, the  bat fo raged  alm ost continuously over a 0.5 km  s t r e tc h  o f  th e  
river until 4 .20 a.m. w hen it flew directly  to  a  roost in an  ash tree  0.5 km  from the river ( G R  
SD 933787), close to  a gill w hich flow s into the river. M o re  than  80%  o f  foraging tim e w a s  spen t 
flying over a large pool in the river. T he bat used  a night roost in a bankside tree fo r  15 m in  a t  3 .00
a.m. O ver the following three nights the  bat em erged around  22.00 and foraged o v e r  a to ta l  o f  1.5 
km o f  the river, apparently  com m uting betw een favoured  locations, notably the sam e la rg e  p oo l u sed  
on the first night. It returned to  roost in one o f  tw o  ash trees (50 m apart) 0.5 km  from  th e  river at 
around 4 .00 a.m. T he first tree roost w as shared with a m inimum  o f  13 other bats. T h is  b a t  w as  
recaptured in O ctober, whilst feeding o v e r the river, at th e  site o f  initial capture. T he tra n s m itte r  had 
fallen off, and the fur regrow n. A fter th is initial success, m ore transm itters were p u rc h a se d , and  w e re  
delivered in late A ugust. Tw o male bats w ere fitted w ith transm itters in Septem ber. B o th  w e r e  lost 
on the first night, but one w as follow ed over 2 km  dow nstream , after foraging at the  c a p tu re  site  fo r 
30 min, before being lost. Since no signals could be  picked up over several days o f  se a rc h in g , w e  
assum e that the bats either left the  study area, o r roosted  in caves during extended pe riods o f  cool 
w eather. Telem etry w as therefore d iscontinued until 1997.
A bat carrying a ring w ith a reflective band was seen fo rag ing  5.0 km from its cap ture site.
O f  the 29 M. d auben ton ii caught (14  at B uckden, over the  river, 6 from Kettlewell b ridge , a n d  9 
from Skirfare bridge), only one w as a fem ale, caught in the  harp trap  in Septem ber, a fte r  th e  
m aternity period, and at the  beginning o f  the  m ating season. 8 bats caught in a prev ious y e a r  from  
Kettlewell bridge roost w ere also males. Roughly equal num bers o f  males and females o f  A4. 
na tte re ri and P. p ip is tre llu s  w ere caught in the harp trap.
D is tr ib u tio n  a lo n g  th e  d a le . Fig. 3 sh o w s th e  to ta l re c o rd e d  bat passes in 250 m stre tches o f  river 
a lo n g  th e  en tire  transect. T h e  d is tr ib u tio n  o f  P . p ip is t r e l lu s  (45  kHz) is unim odal, w ith a significant 
d ec line  in th e  num ber o f  b a ts  in an u p s tre a m  d ire c tio n  (P < 0 .0 0 1 , Pearson Corr. Coeff. = 0 .60). No. 
m a jo r  ro o s ts  sites are  know n. T h e  d is tr ib u tio n  o f  M . d a iib e n to n ii is clearly bim odal, the peak  o f  the 
H u b b erh o lm e /B u ck d en  p o p u la tio n  co inc id ing  w ith  th e  lo ca tio n  o f  the know n tree roosts. T he peak 
a c tiv ity  o f  th e  K ettlew ell p o p u la tio n  o c c u rs  so u th  o f  th e  roost, and bats from  this roost clearly forage 
o u ts id e  th e  stu d y  area. T h e  o b se rv ed  fo rag in g  ran g es o f  M. dauben ton ii suggest that there  will be 
so m e  o v e rlap  in the  hom e ranges o f  th ese  tw o  p o p u la tio n s . B a ts  have been ringed at all th ree  know n 
r o o s t  lo ca tio n s  (B uckden , K ettlew ell an d  S k irfa re ), a n d  to d a te  no bat has been observed to  m ove 
ro o s t , su g g estin g  m inim um  in te rch an g e , and th e re fo re  relatively  isolated colonies. A nother season o f  
ring ing  and recap tu re  will firm  up th is resu lt. T h e  n u m b er o f  ba ts  at each roost is variable, suggesting 
th e  u se  o f  a lte rnative  ro o sts , as d escrib ed  by  R ie g e r ( 1 996a).
F ig . 3. D is tribu tion  o f  b a ts  a lo n g  tran sec t
D isc u ss io n  
P o p u la t io n  e s tim a te s .
B a t ac tiv ity  a lo n g  the  R iver W harfe  w as  h igh, w ith  a m ean of 20.1 bat passes per kilom etre, 
co n sid e rab ly  h igher than  th e  m ean  o f  8 -1 0  b a t p asse s  k m '1 found in various land class categories 
d u rin g  th e  N a tio n a l B at H a b ita t S u rv ery  (W alsh  and H arris , 1996). This result suggests that habitat 
qu a lity  is h igh, in term s o f  the  num bers o f  b a ts  i t  can support. I f  w e assum e that each pass recorded 
o n  the  seco n d  tran sec t leg  is a  sep ara te  b a t, a n d  that 18%  o f all Adyotis bats recorded  w ere M  
n a t te r e r i , th en  th is 12.5 km  s tre tc h  o f  riv e r su p p o rts  141 P. p ip is tre llu s , 92  M  d a u b en to n ii, and 20 
M . n a t te r e r i , a  ra tio  o f  14:9:2 . Ind iv idua l M . d a u b e n to n ii  typically flew back  and forth along a 
p a rticu la r  sh o rt forag ing  stre tch . Sim ilarly, P . p ip is t re l lu s  also tend to forage in a small a rea  for a 
sh o rt p e rio d  b e fo re  m oving. T h is  m ak es  it lik e ly  tha t m ost bats w ere  recorded only once as the 
re c o rd e r  w a lk ed  a long  the  tra n se c t, b u t th e  a c tu a l num ber o f individual ba ts  m ay be few er than the
number of passes recorded. Since the transects were done over 8 nights, some bats m a y  have been 
missed since they were feeding elsewhere, so this would lead to an underestimate of numbers. The 
simplest (but unsupported) assumption is that these two sources of error will cancel each other out. 
From roost counts, the minimum population of M. daubentonii is 78, assuming no bats were counted 
twice. Interchange between roosts could lead to an over- or underestimate of the total population. 
Given the observed separation of the colonies shown in Fig. 3, (and the absence of exchange seen 
from preliminary ringing studies) the level of exchange at any one time is likely to be minimal. 
Furthermore, M. daubentonii can use many tree roosts when they are available (Rieger, 1996a;b), 
switching roosts frequently, as was observed in the current study. Thus, a population of 78 is likely 
to be an underestimate. Note also that some of the bats from the Kettlewell roost forage south of the 
study area. Taking all of these factors into account, our best estimate of the population of 
Daubenton’s bat is therefore about 80-100 bats. An extension of the study area to include the full 
home range of the Kettlewell roost, the location of additional roosts in the area, and ringing returns 
from each roost, will enable us to produce a more reliable estimate next year. This will give a firm 
baseline from which to follow future population trends.
The high density of bats over the water raises the possibility that the population may be limited by 
the area of suitable water for foraging. In some situations the availability of roost sites near such 
water may also be limiting. It should be noted that over all habitats available, Daubenton’s bat 
densities will low due to their close association with water.
Foraging habitat preferences.
Foraging M. daubentonii show a very marked preference for stretches of river with smooth water 
and tree cover on both banks. Insect abundance, measured by numbers of individuals, is greatest in 
these areas, in the 1 m of airspace above the water. This is consistent with their known foraging 
behaviour. Daubenton’s bats are known to hunt low over water, typically at a height of less than 1 m 
(Kalko & Schnitzler 1989; Miller & Deyn 1981; Nyholm 1965) where they feed on insects, 
frequently taken from the water itself (Swift & Racey, 1983; Jones & Rayner, 1988; Kalko & 
Schnitzler, 1989). Jones & Rayner (1988) noted that 38% of prey were gaffed from the water 
surface. M. daubentonii used most other habitat in proportion to availability. Water quality and 
aquatic insect data available from EA(York) will be studied prior to submission of the final report.
Habitat preference is related to the greater abundance of insects observed in the preferred habitats, 
and to the bats’ability to locate prey more easily, using echolocation, in some habitats. The activity 
of Myotis lucifugus, which fills a similar ecological niche in Canada to M. daubentonii, .was higher 
over pools than riffles, in the absence of a significant difference in insect abundance (von Frenkell & 
Barclay, 1987). The more complex echoes from a rippled or cluttered surface probably make insects 
harder to locate. High frequency noise from rippling water may also interfere with a bat’s 
.echolocation (Fenton et aLy 1983). Playback of the sound of turbulent water reduced the activity o f  
M. lucifugus over smooth water (Mackey and Barclay, 1989). Myotis lucifugus foraging close to the 
water’s surface have significantly lower flight costs than those flying higher due to the ground effect 
(Aldridge, 1989), again increasing foraging efficiency.
P. pipistrellus also showed a marked preference for smooth water and tree-lined banks, although it 
typically forages in the airspace >lm above the water, and along the edges of the trees and banks.
Roost sites and home range.
The bimodal distribution of M. daubentonii along the study site, the observed foraging distances, and 
the lack of roost interchange, suggest that there are two largely separate colonies, whose home
ranges (the area an animal travels in, in pursuit o f its routine activities) may overlap, one colony is 
centred around tree holes in an ash/wych elm woodland, the other in Kettlewell bridge. A very 
striking and important feature is that both colonies appear to be entirely male. A similar, apparently 
all male colony roosts under the Skirfare bridge (3 km downstream of Kettlewell); the composition 
of a roost under Grassington bridge (10 km downstream of Kettlewell) will be determined next year. 
The nearest known maternity colony on the Wharfe is under Otley Bridge (-50 km downstream).
The solitary female caught may have moved into the area from further downstream, at the end of the 
maternity season. In the foothills o f the Canadian Rockies, only males of the ecologically similar M. 
lucifiigus are found in summer, the maternity colonies occupying buildings in the lowlands (Barclay, 
1991). Barclay suggested that the upland habitat was marginal, unable to meet the energetic demands 
o f pregnant and lactating females. The same argument could be applied toM. daubentonii in 
Wharfedale, but this does not explain the high bat densities, which suggest high quality habitat. 
Pregnant and lactating females need to forage every night, males do not. It may be that foraging is 
rich on some nights, but too few to meet the high energetic demands of breeding females. Female 
Natterer’s bat were caught, but they are known to glean, and may thus be able to exploit non-volant 
prey on cold nights.
Foraging distances of up to 5 km are consistent with published information. Myotis daubentonii in 
Scotland flew up to 2 km to forage, from a roost in woodland (Swift & Racey, 1983). Myotis 
daubentonii on a lowland canal in England regularly flew 2 km, often 5 km and occasionally over 10 
km, but in the last case not necessarily to feed (Richardson, 1985).
The major roost sites of P. pipistrellus in Wharfedale are not yet known. The numbers of foraging 
pipistrelles increased significantly in a downstream direction, and numbers were still increasing at the 
downstream limit of the study area.
There was no evidence that the two species excluded each other from particular habitats, but their 
foraging styles show that there is a considerable degree of spatial separation of their niches on a 
small scale. There may also be some temporal separation: P. pipistrellus was only caught soon after 
dusk in the harp trap, and consistently earlier than M, daubentonii. This implies that management 
strategies for one species may not necessarily benefit the other. We clearly need a greater 
understanding of the autecology of both species.
Future work.
In 1997 we will address some o f the outstanding questions, consolidate the existing data set, and 
extend the study. Within the current study area trapping and ringing over the river and at roosts will 
enable us to firm up our population estimate, and establish whether or not female M. daubentonii 
roost and forage in the study area. Radio-telemetry will be used to further study habitat and roost use 
by individual bats. Seasonal variation in habitat and roost use, and sex ratio will also be investigated, 
applying all of the techniques used so far. We will extend the existing study site downstream, to 
include all of the foraging area of the Kettlewell roost, and possibly of the Skirfare roost too. We will 
establish a study site around a major maternity roost lower in the dale, for comparison. We will 
continue to collect data on other species in the catchment which utilise riparian habitats, notably P. 
pipistrellus and M  nattereri. The UK is believed to be the European stronghold of M. nattereri, yet 
we know little about its biology or habitat requirements. We are catching it regularly in Wharfedale.
Conservation and management.
We have identified some major habitat requirements for M daubentonii and the information has been 
used to prepare draft versions of a Species Management Guidelines and a Species Action Plan.
Appraisal of project as a method for assessing bat populations and habitat use. Time-expanded 
recordings of echolocation calls have enabled us to identify bats with a high degree of confidence on 
riverbank transects, making it possible to accurately quantify bat activity, and relate it to habitat type. 
Population estimates based on these transects compare well with those made from roost counts. The 
distribution of bats along the transect has given a clear indication of where roosts might be found, 
and this has been confirmed by radio-telemetry. The technique is sensitive enough to reveal the fine- 
grained details of bat distribution, is relatively low cost, and with appropriate precautions, can be 
carried out relatively quickly. We think this technique can be applied widely to other rivers systems, 
and can include other species of bat which feed along rivers. With the appearance of low-cost time- 
expansion detectors and sound analysis packages for microcomputers, we strongly favour their 
adoption. Heterodyne bat detectors are being increasingly widely used to identify species, but we 
believe this approach to be unreliable, particularly in inexperienced hands. Vaughan and Jones (1997) 
have shown that diligent data collection and analysis of time-expanded recordings can be used as a 
valuable tool in separating some species groupings.
Appraisal of project as a method for assessing habitat quality. The water quality and 
productivity of a river system determines the diversity and abundance of many vertebrate predators, 
including fish, amphibians, terrestrial mammals and bats. Bats account for one third of the UK’s 
mammalian species, and are close to the top of the food chain. They are thus important indicators o f 
the health of a particular habitat. Bats are relatively easy to detect compared wit other vertebrates, 
their activity can be monitored with relative ease using ultrasound detectors, and several of the major 
species can be readily identified from time-expanded recordings of their calls. Transect recordings 
can be made by relatively inexperienced field workers, and even the sound analysis techniques can be 
learnt quickly.
Can the results of this study be applied to all river systems? We think the answer is yes, but 
additional work is required to confirm this. Pregnant and lactating females have much higher, and 
more constant, energy demands than males, and may therefore have different habitat requirements to 
the exclusively male population of M. daubentomi present on the study site. A study of a breeding 
population lower down the River Wharfe should resolve this problem.
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ENVIRONMENT AGENCY SPECIES MANAGEMENT GUIDELINES
KINGFISHER Alcedo afihis
1. DISTRIBUTION
a. Worldwide. The Kingfisher (River Kingfisher) is one of the most widely distributed kingfishers 
in the world, breeding from Britain and Ireland to North Africa and across Europe to  the Indian 
subcontinent, Japan, Sri Lanka, the Philippines and Solomon Islands (Cramp 1985). The nominate 
race occurs in NW Africa, Italy and Bulgaria whereas the race occurring in Britain and Ireland, A. 
a  ispida, breeds also in southern Norway down to Spain.
b. Kingfishers breed on rivers throughout much of Britain and Ireland although are scarce in 
Scotland, other than in the south, and in upland areas of Wales and northern England.
2. STATUS
Kingfishers are severely affected by hard winters in Britain although some do migrate south in the 
autumn into France and possibly into Spain. They suffered a catastrophic decline after the 1961/62 
and 1962/63 winters, being the worst hit species in these winters (Sharrock 1976). Some local 
populations were entirely lost and numbers fell to 15% in Wales and 5% in England from previous 
levels; Irish birds were less badly affected. Populations suffered further set-backs in the hard winters 
of the 1970s, notably 1978/79, and the early 1980s (Marchant et al. 1990). Populations recover 
quickly though (birds lay large clutches and may have two to three clutches in a season) and the 
recent relatively mild winters have speeded the recovery. The most recent breeding estimate is 
3,300 to 5,500 pairs in Britain with a further 1,300 to 2,100 pairs in Ireland (Gibbons et al. 1993). 
Lack (1986) put the wintering population as 9,000 to 15,000 individual birds.
The Kingfisher was included in the list of candidate Red Data bird species by Batten et al. (1990) 
and is on the 'amber* list in the revision (ie some cause for concern). Populations have fallen in ten 
European countries, leading Tucker & Heath (1994) to give the species an unfavourable 
conservation status (SPEC 3 category) in Europe.
Kingfishers are fully protected under the Wildlife and Countryside Act and as they are on Schedule 
1, they receive special protection with penalties of up to £2,000 for killing or injuring adults or for 
disturbing, damaging or destroying occupied nests or nests under construction.
3. RECOGNITION
unmistakable if seen at close range but, despite its bright colours, easily overlooked when it is 
perched in a tree. The loud ringing call alerts you to its approach and you may then see it flash by, 
showing its conspicuous blue rump. The best clue to the presence of breeding Kingfishers is a nest 
hole in a vertical bank. Large nestlings may be very noisy, calling from the nest hole, and droppings 
at the entrance are a further clue to an occupied nest burrow.
4. HABITAT REQUIREMENTS
In the breeding season Kingfishers occur on unpolluted rivers with a good supply of small fish. 
They require stretches with shallow, clear water. Relatively slow-moving non-turbulent water and 
partly shaded stretches of river are most favoured. Some reedy or woody cover at the river edge is 
desirable for perching sites. Vertical banks of a fairly soft sand or clay material are needed for 
nesting. River width is immaterial; they nest on rivers 50 m wide as well as on small streams of only 
1-2 m width. A pair of Kingfishers may have a territory of over 4 or 5 km.
Food consists of minnows, sticklebacks, bullhead, stone loach and young trout, dace, chub, perch, 
pike and other fish up to 125 mm in length. Aquatic invertebrates, especially dragonfly nymphs, and 
amphibian larvae are also eaten. Where pollution depresses fish numbers, Kingfisher density is low.
In the autumn and winter a wider range of aquatic habitats are used. These include garden ponds, 
lakes, canals, reedbeds and estuaries.
5. CURRENT THREATS
a) Severe winters
b) Pollution of watercourses by pesticides, industrial effluent or contaminated minewater, by 
agricultural effluent, notably slurry and silage and sheep dip chemicals and by air pollutants leading 
to acidification of watercourses, will affect the fish supply available for Kingfishers.
c) Removal of bankside cover and overgrazing of the riparian fringe which may depress fish 
numbers
d) River works or agricultural works which :
i. destroy or damage river bank cliffs and prevent formation of new cliffs
ii. through canalisation result in loss of habitat diversity (shallow pools, oxbows etc.)
iii. cause turbidity/ high suspended solids which may reduce feeding efficiency
e) Disturbance at or close to the nest site from flood defence or other work, anglers, walkers etc.
f) Overabstraction of water leading to low flows which exacerbate pollution and cause stress to fish 
when temperatures are high, or which result in sections of river drying up.
g) Sudden large releases of water from impounded bodies could cause high flows (making feeding 
difficult) or flood nests
h) infilling of oxbows which provide good feeding areas at times of high flow
i) human persecution for the feather trade and to allegedly protect fish fry is fortunately, largely a 
historical problem.
6. MANAGEMENT SUGGESTIONS
a) Careful vetting of land drainage consents and proposed flood defence work, especially during the 
breeding season, so that nest sites are not destroyed inadvertently.
b) Retain eroding cliffs which offer potential nest sites unless bank protection is necessary because 
of buildings, roads or other important assets being at risk.
c) Through River Habitat surveys, identify degraded sections where habitat diversity could be 
improved.
d) Promote long-tem Set-aside and Habitat Enhancement Schemes (where MAFF or WO AD 
grants are available) on river edges to farmers and landowners. Where grants are unavailable 
through these or other schemes (eg SSSI management agreements as on the Rivers Theme, Lugg 
and Wye, Countryside Stewardship and, in Wales, Tir Cymen) use EA conservation or flood 
defence budgets to fence off riparian strips, re-excavate old oxbows, off-channel loops etc. Urge 
government to make provision for payments to all farmers for riverside or floodplain buffer areas.
e) Reduce threat from pollution through advice to industry and to farmers and landowners and 
through effective policing and enforcement
7. MONITORING
Waterway Bird Surveys (WBS) carried out by the British Trust for Ornithology provide an annual 
index of population change. A greater geographical distribution of WBS plots is however, needed 
to show regional differences. Volunteers prepared to walk 5 km (or more) stretch of river on at 
least six occasions each spring and early summer are always welcomed by the BTO.
Sightings of Kingfishers by all EA staff should be passed on to the local County Bird Recorder/ 
Ornithological Society.
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ENVIRONMENT AGENCY SPECIES MANAGEMENT GUIDELINES 
YELLOW WAGTAIL Motacillciflawf1ci\’issima
1. DISTRIBUTION
a. Worldwide Various races of the Yellow Wagtail M. jlava breed in Scandinavia down to North 
Africa and across Eurasia to Japan. The race flavissima formerly bred only in Britain but now 
breeds too in south west Norway, northern France and the Netherlands alongside the blue-headed 
raczflava. 'Our* race of Yellow Wagtail winters in West Africa, here overlapping with other races 
which winter also elsewhere in Africa, mainly south of the equator, in India and south east Asia. 
Some Mediterranean populations are resident.
b. In Britain Yellow Wagtails are most frequent in southeast England, in areas around the Wash 
and in northern England; they are patchily and sparsely distributed in southern Scotland, southwest 
England and Wales. No Yellow Wagtails now breed in Ireland. Occasionally the blue-headed race 
breeds in England or Wales.
2. STATUS
There was a contraction in range in Scotland earlier this century and since 1970 there have been 
range contractions in southern England and South Wales (Gibbons et al. 1993). Populations 
fluctuate markedly, with peaks noted in 1968 and the mid 1970s since when a decline has been 
evident (Marchant et al. 1990). BTO Common Birds Census (CBC) data showed a 11% decline in 
numbers between 1969 and 1991 in England and Wales. This decline continued through the early 
1990s although there was a slight increase in 1995 on CBC plots. Sharrock (1976) gave a 
population estimate for the UK of 100,000 to 175,000 pairs but in 1988-91 this was thought to be 
reduced to 50,000 pairs (Gibbons et al. 1993). The Welsh population probably now numbers fewer 
than 300-400 pairs.
3. RECOGNITION
This is the most pipit-like of the three species o f  wagtail found in Britain, spending much time 
walking on the ground. Its olive green back and yellow underparts are diagnostic although females 
and young birds show much less yellow. When breeding it makes high-pitched calls when flying 
around an intruder or from vegetation.
Yellow Wagtails are only present in England and Wales from mid April to September.
4. HABITAT REQUIREMENTS
Yellow Wagtails are mainly lowland birds of broad valleys or floodplains, usually found along the 
lower reaches of rivers from the end of April. They prefer moist grassy areas in the vicinity of water 
and cover, especially lush herbage which provides a good invertebrate food supply. Favoured 
haunts are water meadows, damp, preferably cattle-grazed pastures by fresh or saltwater, marshes, 
bogs, edges of lakes and old sewage farms with settling lagoons. Birds will also nest in cereal and 
potato crops in river valleys. Nests are always on the ground in crops, grass or other vegetation or 
on river shoals.
Flies and spiders made up 80% of the food items in one study area but damseflies and beetles 
contributed 50% of the prey biomass. Birds feed in vegetation in fields in the floodplain, on river 
banks, river shoals and around cattle and cow dung.
5. CURRENT THREATS
a) Intensive agriculture - reseeded pastures, heavy use of fertilisers and pesticides and high stocking 
rates, especially of sheep; this creates a uniform close-cropped sward which has no cover for nests 
and which has few insects associated with it as prey
b) High stocking rates also cause nest trampling
c) Loss of wetlands on floodplains and associated waterside vegetation
d) Grazing or cultivation right up to the river edge removes cover for nest sites and reduces 
invertebrate prey
e) Heavy grazing pressure on saltmarshes on estuaries will deter Yellow Wagtails or cause nest 
losses.
f) River training works which prevent dynamic processes such as formation of new oxbows and 
new shoals will reduce nesting and feeding opportunities for Yellow Wagtails
6. MANAGEMENT SUGGESTIONS FOR YELLOW WAGTAILS
a. Vegetation and other management
Lush vegetation with associated insects should be encouraged near the water's edge. This could be 
achieved by fencing off areas of river bank from grazing stock in regular breeding areas. This would 
also reduce trampling of nests on banks and shoals. Encouraging the take-up by farmers of the 
Agri-environment Habitat Schemes could achieve less intensive grassland management on riverside 
pastures. It could also achieve riverside buffer zones to arable crops; these buffer strips if not 
sprayed with herbicides or pesticides, could provide good feeding areas. Promotion of more 
extensive cattle grazing would also be beneficial.
Any flood defence work on rivers and embankments should be avoided between May and July in 
areas where Yellow Wagtails are known to occur. This will help reduce nest losses and help retain 
a good food supply for the birds. Outside the breeding season the granting of land drainage 
consents should only be given, or decisions on any flood defence work only be made if the diversity 
of wetland and wetland edge habitats for Yellow Wagtails will not be destroyed or degraded.
b. Wetland creation
The creation of shallow pools and scrapes on riverside farmland of low existing conservation 
interest will provide good feeding areas. Existing old ox-bows and pools could be enlarged or 
dredged in the autumn months. Limiting access to these wetlands will improve the emergent 
vegetation and hence the invertebrate supply for the wagtails.
7. MONITORING
Yellow Wagtails should be noted during River Habitat Surveys and on casual visits to rivers. All 
records should be submitted every year to the County Bird Recorder or the local BTO 
Representative (a list of recorders and BTO reps and their addresses is printed in the Birdwatchers 
Yearbook).
Assistance with the BTO’s Waterways Birds Survey is always welcomed. The WBS entails walking 
a selected (usually three to four miles) stretch of river on six or more occasions during the breeding 
season from late March to July, mapping the position of all river birds encountered on each visit 
and submitting maps at the end of the season to the BTO for analysis. The results from WBS plots 
in England and Wales provide an annual population index for each species against which changes 
can be measured.
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ENVIRONMENT AGENCY SPECIES MANAGEMENT GUIDELINES
GREY WAGTAIL Motacilla cinerea
1. DISTRIBUTION
a. Worldwide. Grey Wagtails occur throughout much of the Old World from Britain and Ireland, 
Scandinavia and north Africa across Europe and Asia to Japan (Cramp 1988). Northern 
populations are migratory, moving south to the Mediterranean, into Africa south of the Sahara, 
India and Malaysia.
b. In Britain and Ireland Grey Wagtails are widely distributed although are scarce or absent in parts 
of central and eastern England as well as in the Outer Hebrides, the Orkneys and Shetland Isles. 
They are most abundant in the upland areas of the north and west. This century has seen an 
expansion of breeding range into southern and eastern England especially since 1950, with regular 
breeding now recorded in London, Essex and Lincolnshire.
During the winter some British Grey Wagtails move south into France; others move from Scotland 
and northern England to the south and west of England and.Wales (Tyler 1979). Our wintering 
population also includes some Continental birds.
2. STATUS
Current populations are high. Gibbons et al. (1993) estimated a breeding population of 34,000 pairs 
in Britain (and a further 22,000 in Ireland).
Numbers fluctuate markedly, declining after severe winters, with lowland populations then 
contracting back towards the strongholds in the north and west (Marchant et al. 1990). Populations 
suffered setbacks after the harsh winters of 1961/62 and 1962/63, increased again up to the mid 
1970s with further declines after 1978/79, 1981/82 and 1984/85 since when numbers have 
recovered.
In central Europe Grey Wagtails have expanded their range since the 1850s and have spread north. 
They now breed throughout most of Europe except in very flat lowland areas.
3. RECOGNITION
Of the three species of wagtail likely to be seen in England and Wales, the Grey Wagtail is most 
restricted to rivers, especially fast-flowing rivers. It is easily recognised by its blue-grey upperparts, 
yellow underparts and rump, and by its long wide-edged tail. In the breeding season the male has a 
black throat.
Often seen sitting on shoals or rocks or walking along the river bank, constantly wagging its tail, it 
is also a skilled aerial flycatcher.
Any 'yellow' wagtail seen in the winter months will be a Grey Wagtail as the true Yellow Wagtail 
migrates to Africa at this time.
4. HABITAT REQUIREMENTS
4.1 Physical requirements
In the breeding season Grey Wagtails prefer fast-flowing streams and rivers but may occur on 
lowland watercourses especially if weirs or mill races provide stretches of faster running water. 
Densities are higher on upland streams bordered by broadleaved trees than on open moorland 
streams or on those flowing through dense conifer plantations. Grey Wagtails also favour streams 
with extensive shoals (Tyler & Ormerod 1991).
Suitable nest sites include rock cliffs, bouldery steep banks, tree roots in banks and even old Sand 
Martin burrows (Tyler 1972). Many pairs nest in crevices or on ledges in the stonework of bridges 
or riverside walls, in drainpipes in such structures or on girder ledges under bridges. Where suitable 
sites are not present close to the river, birds may fly half a kilometre or more to nest in a stronebam, 
shed or other such site.
The breeding season starts at the end of March and continues through until August or early 
September. Two or even three broods may be reared.
Birds usually roost in branches of trees overhanging streams and rivers, occasionally in scrub such 
as bramble by streams. In the winter flocks of Grey Wagtails have occasionally been recorded 
roosting in reedbeds.
4.2 Water Quality
There is no requirement for clean water because unlike Dippers, Grey Wagtails take a very wide 
variety of invertebrate prey and are not dependent, as are Dippers, on pollution-sensitive mayfly 
nymphs and caddis larvae (Ormerod & Tyler 1991). Hence they may breed by acidic, enriched or 
otherwise polluted watercourses.
4.3 Food and foraging
In the breeding season Grey Wagtails forage mainly along the river corridor, feeding on the ground, 
in the riparian zone or on rocks and shoals in or by the river, or, in warm weather when insects are 
on the wing, flycatching over the river. Sometimes they feed on pastures, tracks or woodland 
clearings away from the river. During the winter months they frequently forage away from rivers, 
for example around farmyards and manure or silage heaps or at sewage works.
They are very catholic in their diet. Adult and larval flies (Diptera) are important prey for adult and 
nestling Grey Wagtails. They especially favour Chironomids (midges) and Simuliids (blackflies), as 
well as cranefly larvae, the maggots of blowflies and other flies. Prey includes too mayflies, 
stoneflies and caddis (aquatic and emerged stages), beetle larvae and adults, moth caterpillars 
(Lepidoptera), damsel- and dragonfly nymphs and adults (Odonata) and even frog tadpoles or small 
fish.
4.4 Summary o f requirements
There is a preference for upland watercourses with some broadleaved trees along the banks, with 
areas of shoal or exposed rocks and shallow water. Riverside cliffs, stony banks and tree roots are 
usual nest sites. On lowland streams artificial features such as weirs and mill streams are favoured, 
with bridges and walls being used for nesting. On good streams and rivers in the heart of its range 
Grey Wagtail territories are as little as 400m to 500m long. On such watercourses there can be up 
to 20 pairs per 10 km, although a pair per km would be more usual.
Outside the breeding season Grey Wagtails forage wherever there is a good supply of invertebrates, 
for example at sewage works with filter beds and at slurry pits and manure heaps at farms, as well 
as along the edges of rivers.
5. CURRENT THREATS
a) Severe winters pose the greatest threat
b) Loss of nest sites, notably bridges, on more lowland streams and rivers where there are no cliffs 
or steep banks, may deter birds from breeding. As old bridges are repointed or strengthened, 
crevices in stonework are destroyed. New concrete bridges may lack suitable nest niches.
c) Removal of bankside trees or overgrazing up to the river edge which prevents regeneration or 
new growth, reduces insect prey available for Grey Wagtails. Trees also provide nest and roost 
sites; they provide cover too where wagtails can avoid aerial predators, notably Sparrow hawks.
d) Removal of shoals especially during the breeding season will reduce foraging opportunities as 
well as available food, availability. Many beetle larvae for example, live in shoals, and the wet edge 
of shoals provides a very rich feeding area for wagtails.
e) Disturbance to nest sites is a localised minor problem, for example at favoured bridge picnic 
sites. Keeping adults off eggs or small chicks will quickly result in chilling of the clutch or brood 
and death.
f) Overabstraction leading to drying up of sections of watercourse, will reduce the available food 
for Grey Wagtails.
g) Removal or loss of weirs on lowland rivers will remove important feeding/breeding areas. So too 
would loss of mill streams and lake outflows.
6. MANAGEMENT RECOMMENDATIONS
Grey Wagtails are common and widespread birds. Apart from broad generalisations about bankside 
vegetation and in-stream diversity of habitats there are limited opportunities to attract birds or 
increase numbers except on a small scale. The highest densities will occur on headwater streams, 
usually non-main rivers, where few factors will influence Grey Wagtails except land use.
a) On lowland rivers breeding Grey Wagtails often depend on weirs, cascades or waterfalls as at 
lake outflows and mill streams for suitable feeding habitat in the breeding season. Construction of 
such artificial features, where possible, may attract Grey Wagtails to breed. Retention of7repair to 
such features is important.
b) On all rivers where there are breeding Grey Wagtails ensure that flood defence schemes avoid 
bank protection works, channel re-alignment or other engineering works which will reduce new 
shoal formation or destroy all areas of existing shoals. Clearly some shoal removal will be necessary 
to prevent flooding of roads or properties, for example in the vicinity of bridges, but work should 
be avoided during the breeding season. In the late summer, shoals are used extensively for feeding 
by small flocks of Grey Wagtails migrating south.
c) Ensure that flood defence work avoids the clearance of riparian broadleaved trees especially 
during the breeding season on good Grey Wagtail watercourses. Pollard or coppice where trees 
need to be cut back. Retain upturned tree roots close to rivers as these provide nest sites.
d) Fence off sections of grazed river bank to allow tree growth.
e) The provision of nest ledges, drainpipes or bird boxes in/on walls under new bridges, or where 
old stone bridges are repointed or in riverside retaining walls will help offset loss of nest sites. Such 
niches may also provide good roost sites. Liaison with highways departments of local authorities is 
strongly recommended so that opportunities to provide nest sites are not lost. All responses from 
the EA to a Highways Authority over any new road scheme which involves river crossings or over 
any new bridge, should include a reminder about the requirements of Grey Wagtails (and other 
river birds and bats) and the need to provide artificial ledges, recesses or drainpipes as nest sites.
A standard open-fronted ‘Robin’ nestbox with a ledge across the front is ideal for Grey Wagtails 
(and Pied Wagtails). It should be sited under or on the sides of a bridge well above flood levels.
e) Fence off sections of river bank to encourage natural regeneration of trees where this does not 
conflict with requirements of species such as Sand Martin or Little Ringed Plover which favour 
open areas.
7. MONITORING
The Waterways Birds Survey run by the BTO provides an annual population index. Volunteers are 
always welcomed by the BTO to survey a stretch of watercourse on six or more occasions each 
year.
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ENVIRONMENT AGENCY SPECIES MANAGEMENT GUIDELINES
SAND MARTIN Riparia riparia
1. DISTRIBUTION
a) Worldwide. The Sand Martin ranges extensively throughout North America, Europe and Asia 
to north India and south east China and northern islands in the Pacific (Cramp 1988). It is a 
migratory species with Palearctic birds wintering in the Sahel zone of Africa and in East Africa.
b) In Britain Sand Martins are widely distributed but localised on lowland rivers and at sand and 
gravel pits as well as on the lower and middle reaches of more upland rivers. They are scarce in 
parts of Wales such as Pembrokeshire, the Vale of Glamorgan and the South Wales valleys.
2. STATUS
Declines in Sand Martin populations have been noted in western Europe (Tucker & Heath 1994) 
where the species is considered to have an unfavourable conservation status (SPEC 3 category).
In Britain the population has fluctuated widely over the last 50 years. It increased, to perhaps a 
million pairs, during the 1950s and 1960s, possibly due to the expansion of the gravel and sand 
extraction industry, but crashed to about 40,000 pairs after the 1968/69 winter when there was a 
severe drought in the Sahel region (Sharrock 1976). Populations remained low in the early 1970s, 
increased thereafter but dropped again in 1985. Since then there has been a partial recovery linked 
to better rainfall in the Sahel zone (Marchant et al. 1990). Gibbons et al. (1993) suggested a 
population size of 77,500-250,000 pairs in Britain (plus 49,500-150,000 pairs in Ireland) between 
1988 and 1991. The number of occupied 10km squares declined by 25 % between the two Atlases 
(of 1968-72 and 1988-91).
The Sand Martin was listed as a candidate Red Data bird species by Batten et al. (1990) and is 
included in the ‘Amber’ list of the revised Red Data Bird Book.
3. RECOGNITION
Unlike Swallows, Sand Martins do not have long tail streamers and are brown above, white below 
with a brown breast band. They are usually seen or heard in small flocks over water. They are 
colonial nesters with their nests made at the end of long tunnels in sandy banks. Colony size can be 
fewer than ten to over 200 nest holes.
4. HABITAT REQUIREMENTS
a) The prime requirement is availability of a good nest site, such as an actively eroding sandy river 
bank, within 10- 15km of feeding areas. Natural sites are river banks and sandy cliffs by lakes or the 
coast. Artificial sites include freshly worked cliffs at sand and gravel quarries, vertical roadside 
banks and drainage pipes in riverside walls. An estimated 84 % of nests in Britain and Ireland is 
thought .to ;be in quarries.
b) Lakes, rivers and marshes are important feeding areas because of the rich insect life associated 
with wetlands.
c) Outside the breeding season when Sand Martins are migrating south in the late summer and early 
autumn they stop off to roost in unoccupied nest burrows at colonies. The protection of colonies is 
therefore important outside the main breeding season.
5. CURRENT THREATS
a) Drought in the wintering quarters has the largest influence on populations.
b) Loss of suitable cliff banks due to grading of eroding river banks, toe revetments and the use of 
boulder stone or gabions to protect eroding banks, river straightening schemes etc. can affect 
populations locally.
c) Modem intensive farming practices, notably a heavy use of pesticides and the growing of rye 
grass or other monocultures, reduces the numbers of insects available as prey. Drainage or infilling 
of wetlands likewise reduces insect prey.
d) Disturbance to colonies in the breeding season may have local impacts
d) Trampling by cattle and other stock up to the edge of the river can damage or destroy colonies 
through exacerbating slumping of river bank and causing collapse of nest burrows.
e) Predation by mink can decimate colonies.
6. MANAGEMENT RECOMMENDATIONS
a) Existing colonies and nearby suitable banks should be identified and efforts made to retain these. 
Rivers should be allowed to meander in their flood plains so that new eroding cliffs can form. 
Applications for land drainage consent for works in the vicinity of breeding colonies should be very 
carefully considered, and approved only where important assets (and not farm-land) are at risk. 
Flood defence works should avoid affecting Sand Martin colonies but it should be noted that 
colonies may move to adjacent banks or to banks on the other side of the river.
b) Identify degraded or canalised sections of river where there is a suitable sandy or gravelly 
substrate, and consider whether reinstatement of meanders or removal of gabions or boulderstone 
is possible.
c) promote to landowners relevant agri-environment schemes along river edges (Welsh office 
Agriculture Department Habitat Enhancement Scheme applies to all rivers although MAFF 
schemes in England are more limited; Countryside Stewardship and Tir Cymen schemes are both 
relevant). Persuade landowners to safeguard nesting colonies and opportunities by preventing stock 
grazing right up to the river edge and by creating a buffer strip of riparian vegetation to augment 
available invertebrate prey.
d) Where flood protection riverside walls are necessary, in urban situation, artificial drainpipes 
should be incorporated to provide nest sites for Sand Martins. Successful schemes have been 
carried out in several areas, for example by the former NRA Welsh Region (south east area) by the 
R. Monnow in Monmouth.
e) Create artificial banks as described by du Feu (1993) and Smith (1994) where opportunities 
permit by lakes, roadsides or on private land
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ENVIRONMENT AGENCY SPECIES MANAGEMENT GUIDELINES
REED BUNTING Emheriza schoe nidus
1. DISTRIBUTION
a. Worldwide. Races of Reed Buntings occur from Britain and northern and western Europe south 
to central France, north Switzerland, north west Austria across to Russia and east to China and 
West Mongolia.
b. In Britain and Ireland. Reed Buntings are widespread although are absent from the higher 
upland areas, notably in Scotland. They are more numerous in lowland areas from coastal 
Lancashire south east to The Wash and Essex. They occur in higher densities in Ireland than in 
Britain (Gibbons et al. 1993). Although birds are mainly sedentary in Britain they do desen upland 
areas during the winter and flock on lower ground (Lack 1986). About 80 % of males and 40 %  of 
females move less than 5 km between their breeding and wintering haunts. Of those dispersing 
further fewer than 20 % move more than 100 km from their breeding area, moving mainly to the 
milder south west. Some winter visitors fro Scandinavia and north west Europe also occur in 
Britain.
2. STATUS
The current population in Britain is estimated to be 220,000 pairs with a further 130,000 in Ireland 
(Gibbons et al. 1993). It has been generally stable since the early 1980s but numbers are lower than 
in the late 1960s to mid 1970s.
There was no significant change in the status of Reed Buntings prior to 1950 although there was 
colonisation of some Scottish islands at the edge of the species’ range. During the 1950s following 
a run of mild winters there was a marked population increase in parts of England and southern 
Scotland, with a resulting overspill into suboptimal drier habitats including farmland more typical o f  
Yellowhammers (eg Kent 1964, Gordon 1972). There was a crash in numbers after the severe 
winters of 1961/62 and 62/63 and then a steady recovery with high population levels to the mid
1970s. A decline started in 1976 or 1977 and was more marked in the late 1970s and early 1980s, 
partly due to severe winters of 78/79 and 81 /82 but believed to be exacerbated by farmland 
changes, notably an increased use of herbicides (Marchant et al. 1990). Since 1983 populations 
have been generally low, comparable to that in the mid 1960s, but stable.
There has been a marked increase in birds reported coming into gardens in the winter for seed, 
suggesting a scarcity of food in the wider countryside. An increase in the use of herbicides and loss 
of weedy areas for nesting and of weed seeds for winter food has been suggested as a reason 
(Thompson 1988)
In Ireland Hutchinson (1989) reported Reed Buntings as increasing and expanding into drier 
habitats.
3. RECOGNITION
The black head and white collar of the male Reed Bunting during the breeding season is striking. 
Males often perch on the tops of shrubs or long vegetation in or by wetlands. Females and 
wintering birds are drabber, streaked brown birds but white outer tail feathers are a useful feature.
4. HABITAT REQUIREMENTS
4.1 Physical requirements
Reed Buntings favour wetland edges where there is a good growth of aquatic emergent vegetation 
such as reeds Phragmites australis or reed-mace Typha iati'folia in which to nest. They also like to 
perch on low shrubs or willows Salix spp. In the breeding season they occur along ditches, by 
lakes, pools and ox-bows, in reedbeds, fens and marshes, by rivers and at upland pools wherever 
such a vegetation mix occurs. In the winter birds often flock and roam more widely away from 
wetlands and into farmland habitats (Lack 1986).
In the 1970s birds bred also in more drier farmland habitats as in hedgerows but in Britain have 
now contracted back into wetland habitats.
4.2 Food
In the breeding season a wide variety of insects and other invertebrates are taken as well as seeds 
and other plant material (Cramp & Perrins 1994). Birds forage on the ground and among reeds, 
sedges, rushes and other vegetation, in damp pastures and low in waterside bushes and trees. 
Outside the breeding season Reed Buntings forage on the ground for seeds in open countryside, in 
arable fields and pastures, any weedy areas and even in woodland clearings as well as near 
wetlands. Then they often occur in flocks with other seedeaters. An increase in the winter use of 
gardens has been noted (Thompson 1988).
4.3 Nest site
Nests are well hidden on the ground usually in sedge tussocks, dead rushes or other material or in 
reeds. Sometimes they may be built up to 4 m above the ground in willows or other trees.
4.4 Summary of main habitat requirements
Any wetland with dense and prolific low vegetation and with a good supply of small invertebrates 
may be used for breeding. Access to weed seeds is essential outside the breeding season.
5. CURRENT THREATS
a. Severe winter weather especially prolonged snow cover, prevents Reed Buntings from finding 
food (Prys-Jones 1984).
b. Intensive agriculture with a heavy use of herbicides destroy weeds and hence reduce the seed 
available for buntings (see O’Connor & Shrubb 1986).
c. Autumn ploughing of wheat and barley stubble and autumn sowing removes grain and weed 
seeds as winter food.
d. Grazing by stock up to edges of rivers, streams and ditches destroys or damages emergent 
aquatic vegetation where birds nest, feed, shelter and roost.
e. Drainage of wetlands of infilling of ponds, old oxbows and channels removes breeding/feeding 
habitat.
f. River straightening and bank protection (concrete/boulderstone/gabions) destroys or reduces 
bankside vegetation and aquatic emergent vegetation.
g. Dredging of ditches in the breeding season removes cover for nest sites and destroys nests.
6. MANAGEMENT SUGGESTIONS
There is nothing the EA can do to influence winter weather, but sympathetic management of 
watercourses and floodplains can improve habitat for Reed Buntings in the breeding season. Set- 
aside and agri-environment schemes may improve habitat for breeding and wintering birds through 
providing more cover near river banks and through allowing more wildflowers (weeds) to flourish 
and hence providing more seed for winter flocks.
EA staff should therefore promote agri-environment schemes to farmers and landowners especially 
in lowland floodplains.
a) Persuade farmers to enter into Habitat Enhancement Schemes along rivers so that there can be a 
reduction in grazing pressure at the river edge and a buffer zone to arable fields which is free from 
herbicides or pesticides. Long-term set-aside o f fields by rivers should also be promoted. Urge 
MAFFAVOAD to allow payments to farmers for river buffer strips on all rivers in England, as 
occurs now in Wales, and promote to relevant officers (ADAS etc.) riverside schemes within all 
Environmentally Sensitive Areas, and through Countryside Stewardship in England and Tir Cymen 
in Wales.
b) Fence off sections of river so that emergent vegetation and riverside scrub can develop.
c) Create small wetlands, fenced off from stock, within the flood plain where aquatic emergents can 
develop.
d) Ensure that flood defence work avoids disturbing or destroying nests in emergent vegetation 
between April and July. Where possible retain patches of vegetation when cleaning out 
watercourses outside this period.
7. MONITORING
The Common Birds Census and Waterway Birds Survey Schemes organised by the BTO provide 
an annual population index for the Reed Bunting in farmland and along rivers. Local ornithological 
societies publish records of this and other species in their annual reports, conduct occasional 
surveys and some provide detailed distribution maps (on a 2km x 2 km or tetrad basis).
The EA should urge all its staff involved in work along rivers to report sightings of breeding Reed 
Buntings (and other river birds) and of wintering flocks to the relevant County Bird 
Recorder/Omithologica] Society.
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ENVIRONMENT AGENCY SPECIES MANAGEMENT GUIDELINES
(WHITE-THROATED) DIPPER Cinclus cinclus
1. DISTRIBUTION
a) Worldwide The Dipper has the most extensive range of the world's five species of dipper. It 
breeds from Britain and Ireland to Scandinavia and North Africa across Europe in mountainous 
areas to the Himalaya range (Cramp 1988, Tyler & Ormerod 1994).
b) In Britain Dippers are widespread on rivers in upland areas of the north and west, with 
strongholds in Wales, parts of northern England and south west England. They extend out into the 
adjacent lowlands of Shropshire, Worcestershire, Herefordshire, Gloucestershire, Wiltshire, 
Somerset and Hampshire (Gibbons et al. 1993). They will breed down to sea-level wherever 
suitable watercourses occur.
Scandinavian migrants occasionally winter on lowland sluggish streams or ditches in eastern 
England but in the breeding season Dippers are confined to faster-flowing streams and rivers o f the 
uplands and adjacent areas.
2. STATUS
The latest breeding population estimate for Britain and Ireland is a minimum of 26,000 pairs 
(Gibbons et al. 1993). Dippers are rather little affected by severe winters and their population has 
been stable or increasing since 1983 (Marchant et al. 1990). A comparison of the 1968-72 Atlas 
(Sharrock 1976) and the New Atlas (Gibbons et al. 1993) shows little major change in distribution 
in England and Wales although birds have apparently disappeared from parts of west Wales, south 
west and northern England. These losses may be due to poorer observer coverage for the recent 
Atlas but most of the areas with gaps in distribution coincide with those parts of Britain which are 
adversely affected by surface water acidification. Acidification of rivers is known to cause declines 
in Dipper populations (Tyler & Ormerod 1994). Dippers are an excellent 'indicator species' on 
upland watercourses, their presence and breeding abundance showing the 'health' of a river.
Good Dipper rivers may have up to 20 pairs per 10km with neighbouring territories abutting. Poor 
rivers within the Dipper’s area of distribution may have only 2-3 pairs per 10km with gaps between 
territories.
3. RECOGNITION
Dippers are unmistakeabie, dark brown dumpy birds with a short often cocked tail and a white 
breast. They frequently perch on rocks and boulders in a stream and characteristically bob or dip. 
White droppings or small regurgitated pellets resembling mouse droppings on a rock in mid-stream 
are evidence of their presence. Dippers fly fast and direct low over the water, only rarely leaving the 
river.
4. HABITAT REQUIREMENTS
Dippers require unpolluted, well-oxygenated watercourses with rocky or stony beds. They favour 
watercourses with a pool and riffle sequence; such watercourses generally occur in upland areas 
where the gradient provides physiographically suitable stretches. These upland streams and rivers 
contain abundant and accessible invertebrate prey, notably caddis larvae and both stonefly and 
mayfly nymphs (Tyler & Ormerod 1994). Such important prey is generally more numerous in 
streams and rivers with a pH of 6 or 7; in very acidic or soft water streams caddis and mayflies are 
scarce.
Although Dippers frequently dive to l-2m, it is more cost-effective (energetically) for them to 
obtain food from riffles and shallow water. A  preferred prey in the breeding season for older chicks 
and for the adults are web-spinning hydrosychid caddis larvae which often occur at high 
abundances in riffles. Mayfly and stonefly nymphs, blackfly (Simulium) larvae, freshwater shrimps 
(Gammarus) and small fish such as bullheads are also taken as prey.
Dippers occur on broad rocky rivers and on minor watercourses only 1-2 m wide. Breeding 
abundances are generally higher on streams and small rivers (< 15 m wide) where the water depth 
is less than a metre, where there are abundant riffles and exposed rocks and where there is
unpolluted, neutral or alkaline water. Typically territories are about 500 m in length on such 
watercourses.
Whilst an abundance and availability of food is necessary, so too are suitable nest and roost sites. 
Natural sites are ledges and recesses in rocky cliffs, in stony banks and tree roots and occasionally 
holes in trees. Old stone walls and bridges provide excellent alternative sites. Bridges with girder 
ledges and drainpipes are also readily used. Whilst on true upland streams there will usually be a 
plethora of suitable nest and roost sites, on lowland streams as in Herefordshire, Worcestershire or 
Gloucestershire, artificial sites, especially bridges, are vital to retain breeding populations.
In the winter many Dippers remain on their breeding territories but those at higher altitudes or on 
small steep watercourses may move down onto more lowland rivers within the breeding range, or 
to the edges of lakes and even onto rocky sea-shores.
5 CURRENT THREATS
a) Pollution of watercourses which reduces sensitive prey (caddis larvae and mayfly nymphs) is the 
main threat to Dippers. Acidification, caused by the burning of fossil fuels, of the upper reaches of 
rivers flowing over base-poor rocks has affected some populations in Wales and northern England 
(and Scotland eg Galloway). Excessive run-off of nitrogenous fertilisers from nearby farm-land, 
causing nutrient enrichment and algal growth, may reduce invertebrate prey. Chronic farm (slurry, 
silage etc.) pollution or chemical pollution will also affect prey and hence reduce Dipper 
populations. Conversely, in the South Wales valleys Dipper populations have expanded as coal and 
industrial rivers have been cleaned up.
b) The planting of conifers close to the edge of a stream exacerbates acidification in areas of the 
north and west with base-poor soils and rocks. It also causes shade and low stream temperatures 
which adversely affect aquatic invertebrates and hence Dippers. It is however, now Forestery 
Commission policy to clear conifers back from stream edges and to stop new planting close to 
watercourses. Extensive new conifer-planting in acid-sensitive areas should be resisted.
c) Ploughing on steep slopes in upland catchments may result in soil erosion. The run-off of soil 
into streams after heavy rain can smother benthic (bottom-living) aquatic invertebrates, the food for 
Dippers and fish. Suspended solids in the water can impair feeding by Dippers which rely on sight 
to find prey.
d) Disturbance at nest and roost sites is a minor problem. Fishermen and picnickers cause some 
nest losses through keeping adults off eggs or small chicks but most first broods are on the wing by 
early May before there is too much people pressure. Some second broods are reared from May to 
July but these are generally much smaller than the first.
e) Loss of old bridges and consequent loss of available nest and roost sites on more 'lowland' 
stretches is potentially a problem. On the Welsh borders many bridges have been replaced with 
concrete bridges to take modem traffic. Unless niches are provided in these, they offer little for 
river birds.
f) River works, for example the removal of debris dams and fallen trees or removal of shoals during 
the period March to early July, may destroy nests, disturb breeding birds or through causing 
turbidity, making feeding difficult for adult Dippers.
g) Overabstraction at times of low flow may adversely affect Dippers through reducing the wetted 
area in the stream and hence reducing their food supply, through concentrating pollutants or 
through making nests more vulnerable to ground predators such as feral mink. Drying up of 
sections of stream will clearly be deleterious.
h) Overgrazing by stock which prevents regeneration o f  a riparian fringe of broadleaved trees, will 
in time adversely affect Dippers. The leaf input into watercourses provides food for grazing and 
browsing invertebrates, themselves food for fish and Dippers. Insects, especially caterpillars, that 
fall from trees into rivers also provide a food source for aquatic animals.
6. MANAGEMENT SUGGESTIONS
Highest Dipper abundances are likely to be on small upland watercourses most of which will be 
non-main rivers; no regular river work will be carried out on these. Apart from pollution control 
there is rather little that the Environment Agency can do to enhance Dipper populations on these 
streams other than through trying to influence agricultural practices to prevent damaging activities 
eg ploughing on steep slopes.
On main rivers, especially at the edges of the Dipper's range, the objective should be to safeguard 
existing populations and to enable the spread of breeding birds onto formerly unsuitable stretches. 
Improvements to water quality and reinstatement of habitats on degraded rivers will be most 
beneficial, but on some otherwise physiographically suitable and prey-rich rivers, the provision of 
secure nest and roost sites might enable the birds to breed.
a) Through river habitat surveys, identify degraded sections of river (those without riffles, pools, 
shoals or exposed rocks) and sections where nest sites may be limiting breeding. Consider where it 
may be feasible to reinstate habitat features.
b) The creation of artificial riffles or shallow water over a stony substrate and of weirs, and the 
provision of large rocks in a watercourse, may improve the feeding habitat for Dippers on streams 
and rivers with a low gradient. On the R. Severn in Newtown such rocks, placed there by the 
former NRA, provide perching sites for Dippers from which they feed, especially in the winter 
months.
c) Ensure provision is made for nest and roost sites in any new structure over or by a suitable 
Dipper watercourse. This will apply to Flood Defence staff but also Highways Departments o f  local 
authorities. When the EA is commenting on highways proposals or other relevant land drainage 
consents, ensure that nesting and roosting provision is not forgotten. Putting in artificial drainpipes 
(of about 15cm diameter) or creating a recess (maximum 30cm deep, 30cm wide and 30cm high) is 
easy if account is taken of this need at the design stage for a new bridge or wall.
d) Surveys and liaison with local Dipper enthusiasts (through the local ornithological society) will 
enable an assessment of whether there are any unsuitable bridges on any river. Open-fronted nest­
boxes could be erected under such bridges; always site boxes 1 -2m up on walls under and near the 
centre of the bridge and over deep water if possible. Designs are given in the first edition of the 
RSPB/ RSNC Rivers and Wildlife Handbook ( Lewis & Williams 1984) and in the BTO’s latest 
nestbox guide Du Feu (1993) but all that is required is a large open-fronted box with a height, 
depth and width of 20-22 cm and a ledge 8-10 cm in height across the front.
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1. DISTRIBUTION AND STATUS
1.1 Mainland Europe
Occurs mainly in central, eastern and south-east Europe, but also increasingly in southern 
Fennoscandia. Europe accounts for about 75% of the world breeding range. About 50%  of 
this European population is found in Germany, Russia and Romania, which together with the 
populations in Poland, Latvia, Czech Republic and Belarus account for about 75%. During 
the years 1970-1990 the majority of this part of the population remained stable with some 
fluctuation in Germany and decline in the Czech Republic. Elsewhere range expansion took 
place in Sweden, Finland and Estonia with slower increases taking place in Denmark, 
Norway, France and the Ukraine.
1.2 United Kingdom
Historically the main population has always been found in the Midland counties with the 
Lower Avon Valley of Worcestershire being at the centre. Since the mid 1970’s this 
population has been in decline with the loss of the species as a breeding bird occurring in 
1994. However male Marsh Warblers continue to arrive each year and hold territory. Almost 
mirroring the decline of this population a new population has slowly become established in 
Kent with an unconfirmed report of at least 80 singing males in 1995. Irregular breeding or 
territory holding by unpaired males has also taken place in at least 19 other mainly southern 
counties.
1.3 Legal status
Protected under Schedule 1 o f The Wildlife and Countryside Act 1981; EC Birds Directive; 
Appendix II of the Beme Convention.
2. HABITAT REQUIREMENTS.
2.1 The Worcestershire sites
The sites with the longest history o f  continuous use as breeding sites by Marsh Warblers are 
situated alongside the River Avon and one of its tributaries the Bow'Brook. All are roughly 
rectangular in shape and lie within the narrow strips of alluvial flood plain between the water 
courses and the gravel based river terraces. The terraces are free draining with spring lines at 
the base on the edge o f the flood plain. During past river management work i.e. channel 
deepening, levees were constructed with the dredged material. The effect of both the spring 
line and the levees is to produce a soil moisture gradient across the width of the flood plain. 
The spring lines together with run off from horticultural irrigation of fields situated above 
most of the sites have the effect o f  buffering the sites against summer drought. The average 
area of the main Worcestershire sites is just under 1.5ha. but when the population was at its 
peak much smaller areas o f habitat w ere colonised. Vegetation within the sites can be broadly 
described as rank herbaceous, with Common Nettle, Urtica dioica, Great Willowherb, 
Epilobium hirsutum, and M eadowsweet, Filipendtda ulmaria, dominating. Some sites 
contain varying amounts of Reed Sweet-grass, Glyceria maxima, Greater Pond-sedge, 
Carex riparia, Common Reed, Fhragmites australis, and Hemlock, Conium maculatum.. 
M ost sites are bordered by tall mixed hedges some containing larger trees both within the 
hedgerows and the sites themselves. The hedges consist mainly of Hawthorn, Crataegus 
monogyna, Blackthorn, Prutrus spinosa , and Elder, Sambucus racemosa7 and tend to border 
the nonhem boundaries o f most sites giving shelter from winds in that sector. The trees are 
mainly Crack- Willow, Salix fragilis , and White Willow, Salix alba, with smaller numbers of 
Pedunculate Oak. Qttercus robur, Ash, Fraximts excelsior, and Field Maple, Acer 
campestre. Shrubs within the sites are predominantly Hawthorn, Blackthorn and Elder with 
some Wild Plum. Pm m ts domestica. The main feature of all Marsh Warbler sites appears to 
be the structure of the vegetation. This is as stated a tall herbaceous community capable of 
providing the rigid supports necessary for nest building and to act as song posts. The plant 
most suited to this on the W orcestershire sites is Great Willowherb. Although both Common 
Nettle and Meadowsweet are used for nest building, nettle in pure stands is very prone to 
being flattened by wind and rain and on drier sites infestation by Goosegrass, Galium 
aparine, has the same effect. The other main structural component of the sites is the presence 
o f willow trees, these can provide song posts but are mainly used for foraging, willows 
coming second only to oak for the range of insect species to be found on them (mainly moth 
larvae).
2.2 Summary of habitat requirements in Worcestershire
The sites can be identified by their proximity to waterways, ideally within the flood plain. 
The site will be covered with tall herbaceous vegetation, Great Willowherb being the key 
species with Common Nettle as a strong secondary component. It will be fairly well 
sheltered probably by surrounding overgrown hedgerows with scattered trees. The trees will 
be predominantly willows and there may also be small scattered shrubs within the plots.
2.3 Habitat requirements in Kent
Most sites occupied by Marsh Warblers in Kent are situated in river valleys and low lying 
ground much as they are in Worcestershire, however several birds have been found 
occupying drier sites. These sites despite being drier, have one strong similarity to the more 
traditional Worcestershire sites, and this lies in their vegetational structure. On many sites 
the dominant plant species are Rosebay Willowherb, Chamerion angiistifolium , and 
Goldenrod, Solidago virgaurea, different species but plants with a similar structure in that 
they tend to grow tall and upright and often form dense stands. One other similarity that 
these plants have with the more usual Great Willowherb and Common Nettle is the tendency 
for dead stems to remain over winter into the following season. These stems are important to 
the birds as supports for nest building and also act as song posts, they may also indicate to 
returning birds the growth potential of the vegetation within the site.
2.4 Summary of habitat requirements in Kent
As in Worcestershire with low lying ground in river valleys being the norm, but with an 
expanding population, a tendency for some birds to occupy drier sites away from river 
valleys and water courses. These sites however are visually similar being large stands o f 
sturdy, upright plants of single species composition in sheltered situations.
3. MANAGEMENT FOR MARSH WARBLERS.
3.1 Water table and drainage
The reasons for the existence o f the plant communities found on these sites are directly 
related to the water table and poor drainage. The ground tends to remain wet throughout the 
year and is not suited to modem farming practices with its associated heavy machinery. It has 
therefore been removed from agricultural production. The conditions that prevailed led to 
the tall, rank vegetation that we see today. Lowering of the water table and attem pts to 
make the sites more free draining would lead to some of them becoming suitable for a return 
to agriculture. Even without a change of use the effect would be to alter the vegetation in 
such a way as to render them unsuitable for both Marsh Warblers and other plant and animal 
communities found there. It is therefore important that the hydrology of these sites is 
considered when both maintenance and major works are planned.
3.2 Maintenance of trees and shrubs
It is important that river side trees together with trees within the sites receive regular 
maintenance in the form of pollarding and coppicing. Ideally bankside willows should be 
pollarded every 5 years dependant upon regrowth. This eliminates both the risk o f  casting 
too much shade upon the site and the risk of overgrown trees failing apart. The shorter 
periods between pollarding would eliminate the need for heavy machinery to be taken into 
the sites as the smaller material should not require winching. Compaction of the soil surface 
within the sites suppresses the regrowth o f the vegetation in the following years. Vehicular 
activity within the site also flattens the dead stems from the previous years growth.
3.3 Habitat creation
The creation o f habitat for Marsh Warblers is fairly straightforward. Sites chosen should have 
similar physical features to existing occupied sites and ideally be showing signs of reverting 
to suitable habitat. Damp meadows and former agricultural land along river valleys would 
respond to a policy o f non-intervention and develop a suitable habitat within a few years. 
Planting of species such as Great Willowherb and Meadowsweet in damper areas could 
speed up the process. Drier areas o f sites could be left to develop naturally or be planted 
with trees and shrubs to create shelter and feeding areas for the birds. Land with previous 
arable use could be rotavated in late summer when willowherb seed is being wind dispersed, 
germination rate is usually quite high especially on damper soils. Manipulation o f the 
hydrology o f the sites may not be necessary but where needed would require no more than 
diverting drainage ditches, blocking land drains and the possible creation of wetter areas by 
the means o f excavation work. Aftercare would probably follow the same lines as - 
management on existing reserves.
4. MONITORING AND RECORDING.
Marsh Warblers return to their breeding territories in Great Britain from the middle of May 
with arrivals still taking place until late June. Monitoring the arrival and presence of the birds 
can only be achieved by listening for the song of the male Marsh Warbler. Although the song 
is diagnostic and quite different to most other species of bird, even experienced 
birdwatchers can have trouble with identification, especially if they have not had recent 
contact with the species. This is due to the unfortunate fact that the rare Marsh Warbler is 
almost identical in appearance to the relatively common Reed Warbler, Acrocephalus 
scirpaceus. On return the males song output is almost continuous with only short periods of 
time when song cannot be heard. This makes monitoring fairly easy though confusion can 
occur in sites o f multiple occupancy when trying to ascertain how many singing males are 
present. The one major problem with monitoring Marsh Warbler by their song is the fact 
that song output is greatly reduced once a female has been attracted, it is therefore essential 
to visit all likely sites on a daily basis from very early in the season. When a male is thought 
to have paired it is necessary to obtain views of both birds together, if the pairing is positive 
this should not be a problem as the male tends to follow the female during her nest building 
activities which cover a period o f about four days. Unpaired males will continue in song well 
into July on occasions. Reports o f Marsh Warblers from unknown recorders should always 
be treated with caution, especially records based on visual evidence alone. In 
Worcestershire the population has for many years been monitored by ringing both adults and 
nestlings. The law requires that this is carried out by licensed bird ringers who have been 
granted a special licence specifically for Marsh Warblers. By fitting birds with colour rings, 
individuals become recognisable without the need for retrapping and can provide invaluable 
data on such things as longevity, and both  site and mate fidelity.
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1. INTRODUCTION
The great crested newt (Triturns cristatus) is a fully protected species, appearing on Schedule 5 
of the Wildlife and Countryside Act 1981. It is illegal to deliberately injure, capture or disturb 
great crested newts (at any stage of their life cycle), or obstruct their access to areas where they 
live and breed (which are also protected against damage or destruction).
The great crested newt is also given protection through being listed on Annexes II and IV of the 
European Union Directive on Natural Habitats and Wild Fauna and Flora, and on Appendix II of 
the Conservation of European Wildlife and Natural Habitats (the "Bern Convention"). A species 
action plan has been prepared by the UK Biodiversity Steering Group (1995), the great crested 
newt appearing on its "Short List”. Britain has particular responsibility for conservation of the 
great crested newt, since it holds the strongest populations of a species which is threatened in 
continental Europe.
Given this strict legal protection, and the species’ dependence upon aquatic habitats, the great 
crested newt is obviously a species which the Environment Agency has obligations to protect in 
its own operations, in relation to its authorisations, and through the planning liaison process. 
There is much advisory literature available on conservation of the species (see, for example, 
Gent and Bray 1994; English Nature 1996).
2. DISTRIBUTION AND STATUS
Great crested newts are widespread in Britain (as shown in Arnold 1995) and are particularly 
well distributed in lowland England. They are uncommon in most parts of Wales (though 
numerous in the north-east), Devon and Cornwall, the Fens, the Pennines and Scotland. Even in 
areas where they are widespread, populations are generally said to be local.
There have been concerns that the great crested newt has declined faster in Britain than the 
other widespread amphibians and reptiles. A survey in 1990 (Hilton-Brown and Oldham 1991)
suggested that during the 1980s there had been a decline in all parts of England and Wales, other 
than East Anglia, South-West and South-East England, where no change in populations was 
detected.
The National Amphibian Survey undertaken by Leicester Polytechnic (Swan and Oldham 1989) 
suggested a total in Britain of 18,000 great crested newt breeding sites. The species was found 
in 53% of surveyed 10km squares. It was estimated that site loss in the early 1980s ran at about 
2% over six years, the principal causes being urban development and changes in agricultural 
practices. Neglect of pond management, leading to  pond senescence, may be an even more 
significant threat, though difficult to quantify.
3. HA BITAT REQ U IREM EN TS
Evidence from the National Amphibian Survey (reported in Swan and Oldham 1993) indicated 
that the great crested newt has more exacting habitat requirements than other British 
amphibians. Ponds with an area of 500 to 750rrf are most frequently occupied. The optimum 
depth is between 0.5 and 2 metres. There are preferences for macrophyte growth: great crested 
newts are most numerous when emergent vegetation cover is between 25 and 50%, and 
submerged vegetation between 50 and 75%. Newt numbers decline when shade affects more 
than 75% of the pond circumference, but a certain amount of shade (up to 60%) is beneficial, as 
courting pairs appear to congregate in poorly vegetated areas under overhanging branches.
Hard water, with a high calcium carbonate content and above pH 6.0 is usually preferred 
(McDouall 1996). Slightly eutrophic water is acceptable, and water quality is usually only 
significant in extreme circumstances when organic pollution leads to deoxygenation and change 
in pH. Great crested newts cannot tolerate large numbers of waterfowl, nor the pressure of fish 
(though they may survive in suppressed numbers). They have a preference for ponds which dry 
out occasionally in late summer (as this will prevent establishment of fish populations), but it 
should not happen every year. Great crested newts rarely use garden ponds. They will 
infrequently breed in slow-flowing water.
Owing to the limitations of newt dispersal, the proximity of suitable breeding ponds one to 
another is important. Low pond density will diminish colonisation even if good terrestrial 
habitat is present between. The minimum pool density threshold is about 0.7 suitable ponds km‘ 
2 for good great crested newt populations. 100% occupancy is only recorded at a much higher 
pond density of 3 ponds km'2. Buildings are the most obvious barriers to newt dispersal, but 
rivers have a similar effect and roads also pose a threat.
As adult newts spend over half the year on land, appropriate terrestrial habitat is critical. The 
lower critical limit of "newt friendly” habitat needed to sustain a viable great crested newt 
population is 4000 m2 within 500 metres of the breeding site. The preference is for a landscape 
in which a variety of land-uses are present within 500 metres of the pond and which specifically 
contain areas of permanent cover (marsh or woodland or scrub/long grass) within 100 metres.
Great crested newts prefer rough grassland habitat to woodland edge or improved grassland, 
and they avoid extensive arable areas or dense woodland. Sub-optimal habitats can be enhanced 
by the presence of features such as ditches and hedges. However, flowing water within 100
2
metres of the breeding sites is inimical to great crested newt presence (either as a barrier or a 
source of fish colonisation).
Great crested newts usually hibernate from October to February. In spring they return to their 
ponds to breed, laying eggs from late February to July. The eggs are laid singly on leaves of 
submerged plants, the leaves being individually folded over and sealed to protect the eggs. 
From hatching, the young take about three months until they are ready to leave the water. M ost 
great crested newts spend their lives within 200-500 metres of their breeding pond, although 
some, mainly the young newts, will disperse further.
Great crested newts feed both on land (on a variety of small invertebrates) and in water, where 
they will take whatever is most available - water fleas, water hoglice, freshwater shrimps, insect 
larvae, other amphibian tadpoles, and even adult smooth and palmate newts.
The availability of hibernation sites is generally not a limiting factor in determining newt 
population size. Such sites may be in crevices below ground, or in piles of rubble or rocks, 
compost heaps or log piles, places which are sheltered, damp and where frost cannot penetrate. 
Hibernation sites can be colonial.
4. MANAGEMENT FOR GREAT CRESTED NEWTS
a. Protection of existing sites
The first priority for conservation of the great crested newt must be the protection of existing 
breeding ponds and associated terrestrial habitat. Though rarely breeding in rivers and 
streams, riparian habitats most likely to support amphibian populations include small 
meandering streams with shallow well-vegetated edges, drainage ditches and river valley 
ponds Insensitive management of watercourses - straightening, steepening sides, uniform 
cross-sections and removal of vegetation - will have detrimental effects. Breeding ponds 
must be retained wherever possible.
Through liaison with English Nature and Wildlife Trusts, Agency conservation staff should be 
aware of great crested newt breeding sites, and can provide protection through appropriate 
assessment of Agency authorisation applications. In particular, discharge consents to still 
waters, abstraction licences and fish stocking consents may all have implications for great 
crested newt populations. There is also the opportunity to press for conservation of great 
crested newt sites through the planning liaison process (see e below).
b. M anagement of existing breeding ponds
Management of breeding ponds can help to sustain great crested newt populations by 
maintaining the appropriate conditions of vegetation cover, shade, etc (see "Habitat 
Requirements"). However, management of breeding sites needs careful tinning - removal of 
submerged weed in which newt eggs may be laid must be avoided. Work should be carried 
out on ponds in winter, when the newts are not present. A licence will be needed from 
English Nature/CCW for disturbance to a known great crested newt site. Terrestrial habitat 
should be maintained along with the breeding pond, as amphibians require both habitats to 
complete their life cycle (see d below).
3
c. Creation of new breeding ponds
The creation of new ponds provides potential breeding sites which may be utilised by great 
crested newts if appropriately sited in relation to existing colonies. The general principles of 
pond creation have been well documented - see, for example, the NRAs booklet on ponds 
and conservation (Sansom 1993). The main points to take into account are:
• size and depth should be appropriate for the species
• ponds should have shallow margins, preferably sloping gently to reach the greatest depth 
at a distance of 5 m from the edge.
• a cluster of three or four small ponds is likely to be more successful than one large one.
• occasional drying-out of a pond is not generally a problem (ie not more than once in 
every three or four years)
• stocking with fish should be avoided; waterfowl are also a problem and artificial 
enhancement of populations should be discouraged
• a variety of emergent and submergent plants can be established, avoiding invasive species 
such as reedmace
• avoid too much tree planting near the water’s edge; in particular, the south and east 
aspects should be left exposed, to achieve the warmest conditions possible.
d. Management of terrestrial habitat
As noted in a above, the first priority is to ensure that there is suitable terrestrial habitat 
associated with existing or newly created breeding ponds, but this may also require 
management. Terrestrial habitat should be managed to retain diversity, with some scrub and 
tree growth for shelter, foraging areas and hibernation. During the daytime (outside the 
breeding season), amphibians may be found hiding under logs, stones or manmade objects 
such as corrugated iron sheets or slabs of concrete, and the provision of such features will 
enhance the habitat: rock and log piles can be constructed (compost heaps and piles of leaves 
will serve a similar function), and should be positioned within 200 m of the edge of the pond.
In general, amphibians will readily find places to hibernate. However, in immature habitat, a 
newt hibemaculum can be constructed from an excavation 45 cm deep with a minimum of 
about 2 square metres. This should be filled with brick rubble, mixed with some leaf litter to 
give humidity. Since hibernating newts are often found in association with bits of wood, 
these should also be included. There should be plenty of spaces amongst the brick rubble and 
so the rubble itself should be mainly o f  large pieces - whole and half bricks. Flagstones, 
concrete slabs or other flat heavy covering should be placed over the edge bricks, ensuring 
there are entry gaps leading under the flags. This should be covered with a layer of soil over 
the flags, making sure the entry gaps remain clear, and topped with some brash. Vertical 
pipes filled with medium-sized stones, providing ready access to the base of the 
hibemaculum, may be inserted.
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It is essential that the whole structure is free-draining, so a straight-sided pit dug into clay is 
not suitable. If the site is poorly drained, the hibemaculum can be constructed as a low 
mound rather than a pit. Newts of all kinds and toads will use such hibemacula. The use of 
gabions as hibernation sites has also been suggested. Smaller scale hibemacula can be built 
from log piles covered with soil to a depth of 30 m.
e. Effects of development on great crested newts
In responding, through the Planning Liaison function, to development proposals which may 
affect great crested newt populations in riparian habitats, there are several issues that the 
Agency can raise to assist conservation of these populations.
• protection of existing amphibian habitat must be a priority wherever possible, both 
breeding ponds and terrestrial habitat (see a above).
• new roads which cross dispersal routes can be a problem, with numbers being killed 
every spring. Pre-formed "toad tunnels" are also used by newts and can be installed 
readily during road construction. See Langton 1989.
• another problem which has been identified recently is that of amphibians (and other 
animals) falling into and being unable to escape from roadside drainage gullies. This can 
be alleviated by laying sloping, rather than vertical, kerbstones behind the gullies, so that 
the animals are not directed into the hazard, and by providing escape ladders. Escape 
ramps should also be fitted in cattle grids, another hazard for amphibians.
• mitigation measures, including the construction of new breeding ponds and re-creation of 
terrestrial habitat, should always be considered where developments are going to affect 
amphibian populations.
• developers should be reminded of the need to obtain an English Nature/CCW licence if 
interfering with great crested newts or their habitat. A leaflet published by English 
Nature (1996) gives details.
f. Translocation
As a last reson, where an amphibian population is going to. be disrupted by river management 
or new development and no other mitigation measures are possible, consideration may be 
given to translocation of that population to another secure site, if there is no satisfactory 
alternative.
However, there is a dilemma here, in that any potential host site will either be unsuitable, or if 
suitable, will already contain an established population, probably of maximal size. This can 
only be overcome by management to increase the carrying capacity, or by the unlikely 
instance of finding a site which is suitable but devoid of amphibians because of their failure to 
colonise.
It may also be thought worthwhile to assist the colonisation of a new pond by introductions if 
there is no obvious nearby source of animals. Whatever the reason for moving great crested
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newts, as a result of their protected status, a licence will be required from English 
Nature/CCW. Guidance is given in English Nature (1996).
If the intention is an emergency rescue to remove animals from a site that is to be destroyed, 
catching of adults (by perimeter fencing being the most efficient method - see Amtzen, 
Oldham and Latham 1995) or netting for tadpoles, depending upon the time of year, would 
be the options. If it is a planned introduction to a new site, the most effective method of 
translocation is probably transfer of eggs, and Bray (in Gent and Bray 1994) describes the use 
of plastic strips (black bin liner, 1 cm wide and 45 cm long) as artificial egg-laying substrates. 
However, adult newts can be transferred from an existing pond in April, ensuring that there is 
a mix of both sexes; a high proportion should settle down and breed in a new site if 
conditions are suitable (though barriers may be required to prevent others attempting to 
return home).
5. M O N ITO RIN G  AM PHIBIAN PO PU LA TIO NS
Methods for surveying and monitoring amphibian populations are detailed in a British 
Herpetological Society booklet, and in the New Rivers and Wildlife Handbook. Newts can be 
counted during the spawning period (principally April - May) by netting during the day or by 
searching the pond with a torch during the night. Torchlight counts of more than 10 in a 100 
metre stretch indicate a good population, whilst more than 100 would be exceptional (BHSCC, 
undated).
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Background information
The spined loach (Cobitis taenia) has an extremely wide distribution across Europe and A sia as 
far as Japan. It is known from a wide variety of slow-flowing or still water bodies including 
rivers, streams, drains, canals, ditches and large and small lakes. Even with such a broad range 
and ecological niche, it is generally regarded as threatened, if not rare in Europe (Lelek 1980), 
and it is protected by law in Belgium and the Netherlands (Bervoets et ai 1990, OVB 1994). In 
accordance with its status, spined loach is listed under Appendix 3 of the Bem Convention and 
has recently been included under Annex II of the EC Directive on the conservation of natural 
habitats and flora and fauna. Member countries have the duty to ensure the favourable 
conservation status of the species through conservation of viable populations within special 
areas of conservation (SAC's). That the EC Directive is met forms the ultimate overall 
requirement of the project. The assessment of the status of the species, the basis for designation 
of protected areas, has been hampered by:
• The lack of commercial or obvious ecological value meaning the spined loach remains 
poorly studied.
• Its small size (<12 cm) and benthic habits generally preclude sampling by standard fish 
stock assessment techniques.
Thus there is some uncertainty as to whether spined loach is generally a minor and rare 
component of the fish fauna where it occurs, perhaps through specific habitat requirements, or 
is simply under-recorded. In the UK, it was thought to be patchily distributed within a range 
encompassing eastern England into the Midlands (Maitland 1972, Mann 1995). Within this 
range in the UK, one site, the Ouse Washes has been proposed for designation as an SAC. 
Selection of this site was however hampered by the lack of detailed information on the 
distribution and habitat requirements of spined loach. Such is the paucity of information, even 
within this area that the value of the site as an SAC remains uncertain. The selection of further 
SACs hinges on more detailed knowledge of the limits of the distribution of spined loach and 
confirmation of at the very least, confirmation of its presence at previously identified locations. 
Maintenance of favourable conservation status within protected areas (and conservation in all 
waters in which it occurs), will then rely on detailed knowledge of the species' habitat 
requirements and adoption of best management practice in what is generally an intensively 
managed landscape. A further demand of the current project is thus to instruct on the 
management decisions that will need to be taken.
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A i m s
• T o  review  and  co nso lida te  all ex is tin g  in fo rm ation  on the distribution o f spined loach in 
E ng land , so as to  p ro v id e  a  c le a re r p ic tu re  than  currently exists of its distribution.
•  T o  identify  hab ita t requ irem en ts.
• T o  identify  an d  w here p o ss ib le  q u a n tify  th e  key factors/issues which will need to be 
add ressed  if  fav o u rab le  co n se rv a tio n  o f  the  spined loach is to be achieved across the 
range o f  hab its  in w h ich  it is found .
• T o  p roduce  m an ag em en t g u id e lin es  w h ich  will raise awareness relevant to conserving 
the sp ined  loach  and a lso  enab le  o p e ra tio n a l s ta ff to ensure that sym pathetic m anagem ent 
o f  those sites w here sp in ed  loach  o cc u rs  can be undertaken with particular reference to 
w eed  and  silt con tro l.
• T o  iden tify  those  asp ec ts  o f  e c o lo g y  and d istribution w here further research or review  is 
needed .
M e t h o d s
G e n e r a l  i n f o r m a t i o n
In fo rm ation  g a the ring  w as  c o n d u c ted  in  severa l w ays depending on the nature o f  the 
in fo rm ation  requ ired . S c ien tific  lite ra tu re  was accessed  through Bath Inform ation Data Services 
(B ID S ) at the  U n iv ers ity  o f  E a s t A n g lia  (TJEA) and Aquatic Sciences and Fisheries A bstracts 
(A S F A ) a t the  M A F F  lab o ra to rie s  a t L o w esto ft. T h is  used the key w ords 'Cobitis taenia ' in 
c o m b in a tio n  w ith  'e c o lo g y  &  b io lo g y ',  ’b e h a v io u r’, ’spaw ning ', 'feed ing ', ’food ' and  
'd is tr ib u tio n ' fro m  1978 -1996 . S uch  g e n e ra l key  w ords were chosen because it was know n that 
sp in ed  loach  has been  p o o rly  s tud ied  (M a n n  1995) and  it w as desirable to develop an 
u n d ers tan d in g  on all k n o w n  aspec ts  o f  i ts  b eh av io u r and ecology in order to fulfil the aim s o f 
the  pro jec t. T h e  la tte r ex ten d ed  a  p re v io u s  search  through A S F A  conducted by English N ature 
(M . G ib so n  p e r s  com m .).
T h e re  are five broad  aim s o f  the  p ro jec t (see  p ro je c t brief - A ppendix 1):
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Distribution of spined loach in the UK
Records of spined loach were gathered from the following sources:
• Contact with all fisheries departments of the Environment Agency (EA) both within the 
known range of spined loach and in surrounding areas.
• Species Action Plan for spined loach by Mann (1995).
• Contact with a variety of organisations potentially holding records including the 
Biological Records Centre (BRC), Natural History Museum, Royal Society for the 
Protection of Birds (RSPB) recommended by the project board.
• Consultation with Dr. Peter Maitland, author of the key to British Freshwater Fish 
(1972), which features a distribution map of spined loach.
• Contact with other individuals that have recorded on the presence of spined loach (e.g. 
Dr. Nick Giles, workers in the group of Dr. John Reynolds at UEA, Dr. Franklyn 
Perring).
A complete list of names and addresses of all contacts is provided in Appendix 2.
Habitat preferences of spined loach
With the likely paucity of information in the scientific literature, the factors affecting the 
distribution of spined loach were assessed in more detail using two data sets:
• Data from routine fisheries surveys in Central area of Anglian region of the EA from  24 
watercourses (or sections of rivers as defined by the fisheries surveys where rivers 
changed greatly along their course) associated with the Great Ouse (one of its principal 
centres of distribution, see below).
• Recent work undertaken by ECON in a large lake in the Netherlands as part of a larger 
study on the interactions between fish and macrophytes (Perrow & Jowitt 1996a).
The former was used in two analyses. The first determined associations between different fish 
species using hierarchical cluster analysis (Norusis/SPSS 1993) using presence/absence of each 
fish species from the 345 sites available. The second sought to explore any differences in those 
14 watercourses in which spined loach had been recently recorded (1990 onwards) and the 10 
in which it had not. The selection of the 24 watercourses was determined by the availability of
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recent (1990-95) habitat data determined in river corridor surveys (RCS). Although the 
presence/absence of spined loach was based on routine fisheries surveys, in which the species 
is something of a by-catch, it was thought that such was the sampling effort (between 1-19 sites 
were sampled in each watercourse) that at least a single individual would be captured if it were 
present in any numbers at all. Eight habitat variables were determined from RCS data (Table 1). 
For variables that could be quantified the mean value from five RCS sections, selected in a 
stratified random manner, was used. Other variables from the same RCS sections were 
expressed in a pseudo-quantitative way. For example, the number of sites out of the five in 
which a particular substrate type was recorded w as used. Plant abundance, on the other hand, 
normally expressed as the DAFOR scale, was converted to a simple 1-5 scale and the average 
score used. The mean value (from all reference stations within each river or section) of three 
routinely taken water quality variables was also used (Table 1). Student-t tests were used to test 
for differences between rivers with and without spined loach.
Table 1. Habitat and water quality variables collected for analysis from
river corridor survey data.
Type Variable
Channel characteristics width
depth
bank slope
Substrate sand
gravel
silt
Macrophytes submerged/floating
littoral emergent
Water quality BOD 90%ile
ammonia 90%ile
dissolved oxygen 90%ile
Lake Veluwe, a large (3400 ha), shallow lake in the Netherlands is undergoing restoration at the 
present time and is currently dominated by macrophytes, particularly Chora spp. The purpose of 
the study was to investigate the distribution patterns of fish in relation to macrophytes over the 
summer period in 1996. Fish were sampled over the period June-October inclusive by point- 
abundance sampling (PAS) (see Copp & Penaz 1988 & Copp & Gamer 1995) using high 
frequency (600 Hz) pulsed DC (rectangular wave at 300V with a variable duty cycle of 0-50%) 
electrofishing equipment (Electracatch W FC 11-12 volt powered by a 1.9 KVa generator) from a 
3m fibreglass dinghy. This was ’push' rowed by one operator, with a second operator 
undertaking electrofishing from the stem. For further details of the basic sampling technique see 
Perrow e ta l  (1996a).
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During each monthly sampling occasion, samples were taken day (from 10-1100 hrs) and night 
(one hour from dusk) with an interval of approximately 30 hours. Fifty points were sampled 
along fixed transects (which were identified between occasions using GPS equipment) in each 
of five habitat zones:
• The littoral zone dominated by reed, Phragmites australis.
• The Potamogeton spp. and Myriophyllum spp. dominated zone some 75 m from the 
shore.
• Within the centre of Chara spp. meadows in the middle of the lake (around 200 m from 
the shore).
• Along the transition zone between Chara and open water, which also has a number of 
macrophyte species including Potamogeton perfoliatus and Alisma spp.
• In open water bordering the boat channel.
During PAS the boat was rowed along the transect and points were sampled in a regular 
manner, after the equivalent (depending on weather conditions) of 10 oar strokes. At each 
point, the anode was rapidly immersed, and any stunned fish seen were captured by a 
lightweight fibreglass hand net. Even where no fish were seen, the net was swept quickly 
through the stunned area to avoid sampling bias created by differences in visibility within 
habitats and between sampling occasions. The effective sampling radius of 1.5 m2 was 
calculated by determining the distance from the anode at which the voltage gradient was reduced 
to 0.12V, the level at which inhibited swimming occurs (Copp & Penaz 1988). Any spined 
loach captured at each point were measured to the nearest mm before being returned unharmed. 
With a known sampling area, the density (n n r2) of spined loach was calculated.
Key issues of a conservation strategy for spined loach
A site visit to the Ouse Washes RSPB reserve, which form a large proportion (c. 800 ha) of the 
washes area associated with the SAC (see Details of the Ouse Washes proposed SAC 
below) was undertaken on 21st January 1997. This involved in depth discussions with Neil 
Lambert (warden) and Cliff Carson (senior warden) on the management of the system and the 
factors affecting its conservation value.
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Results & Discussion
The literature search through ASFA provided 30 references of relevance (Appendix 3) 
considerably more than the 8 supplied by BIDS. These are used, where applicable, to illuminate 
the discussion of the findings of the project (as well as the Background information above) 
presented in the following sections:
• Distribution of spined loach in the UK
• Habitat preferences of spined loach.
• Key issues of a conservation strategy for spined loach.
• Management guidelines.
• Further monitoring and research requirements.
Distribution of spined loach in the U K
A total of 164 records were collected (Appendix 4). Of these, 75% were recent (post 1990), 
which probably indicates a recent increased tendency to record spined loach particularly in 
standard fisheries surveys-stemming from increased awareness of so-called minor species with 
no commercial interest-rather than an increase in the abundance or range of the species. This 
trend is mirrored in the range data, with only 30%  of the 71 10k squares in which spined loach 
is recorded, containing records prior to 1990.
The current distribution map containing these recent records (Fig. 1) bears little resemblance to 
the previously published distribution map (Maitland 1972) (Fig. 2). In the latter, there are 
several outlying records from north-west England and from the southern Midlands that are 
absent from current records. Further, attempts to  trace these records through Dr. Peter Maitland 
has revealed that the BRC, which held these records, have been unsuccessful. This appears to 
relate to a loss of information from the BRC database. Therefore, there is no means of verifying 
these as spined loach records or whether some confusion with stone loach (Barbatula 
barbatulus) had occurred. Without verification, it can only be assumed that the range of spined 
loach has not contracted.
The current range of spined loach is centred on three east-flowing river systems and their 
associated waterways; the Great Ouse, the Trent and the Witham. Spined loach is recorded from 
the 10 k squares encompassing the counties o f  Bedfordshire, Buckinghamshire, 
Cambridgeshire, Derbyshire, Hertfordshire, Leicestershire, Lincolnshire, Norfolk, 
Northamptonshire, Nottinghamshire, Staffordshire, Suffolk and Warwickshire.
Fig. 1. Distribution of spined loach in the UK.
Several other fish species (e.g. silver bream Blicca bjoerkna and barbel Barbus barbus) are 
endemic to east-flowing rivers that were formerly connected with the Rhine system. Such 
species are naturally present in the Thames. In contrast, spined loach appears to be absent from 
this river (EA unpubl. data, Wheeler 1977) and thus shows a restricted distribution similar to 
that of the burbot (Lota lota), before it became extinct in the UK. Why does spined loach have 
such a restricted distribution?
Varley (1967) provides some evidence that the watersheds of the Ouse & Trent were isolated 
from that of the Thames and the Rhine prior to the separation of the land bridge. However, this 
begs a further question of the origin of spined loach within the Ouse & Trent if not from the
Rhine. Further, spined loach is currently present in the Netherlands associated with the Rhine 
system, giving no obvious reason why the spined loach should be absent from a former Rhine 
tributary, the Thames. It thus seems likely that spined loach was once present in the Thames, 
but went extinct for unknown reasons, some time in the last 10 000 years.
Fig. 2. Previous distribution of spined loach in the UK 
(after Maitland 1972).
Habitat preferences o f spined loach
Habitat implications o f fish community analysis
In Central area of the Anglian region of the EA, which represents something of a stronghold of 
the species, spined loach is known from a wide variety of watercourses including small 
streams, large rivers and small and large drainage channels (Table 2). Glancing at Table 2, it 
appears that spined loach is encountered more frequently in small streams/rivers and the upper 
reaches of larger rivers (mean frequency 25%) than in the other habitats (mean frequency 14%).
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Table 2. Details of the number of sites in which spined loach was recorded 
within each of the watercourses sampled during the most recent surveys 
conducted by Central Area of Anglian Region fisheries division o f the EA.
Type of 
watercourse
Name of  
watercourse
Date No. of 
sites
Sites
with
spined
loach
%
Small rivers/ Ivel 1995 U 1 9
streams Sapiston 1995 11 5 46
Thet 1995 7 1 14
Upper Little Ouse 19% 13 3 23
Lower Little Ouse 1993 8 1 13
Nar 1996 13 2 15
Claydon/Padbury 1994 9 1 11
Ouzel 1987 13 1 8
Tove 1995 10 3 30
Watton Brook 1990 5 1 20
Stringside Brook 1992 2 1 50
Granta 1993 4 2 50
Rhee 1993 8 2 25
Large rivers Great Ouse-Brackley to N. Pagnell 1991 14 5 36
Great Ouse-N. Pagnell to Bedford 1992 20 2 10
Great Ouse-Brampton to S t Ives 1995 11 1 9
Great Ouse-St. Ives to Earith 1989 6 1 16
Upper Wissey-u/s Whittlington 1993 8 1 13
Lower Wissey-d/s Whittiington 1988 11 1 9
Drainage Sixteen Foot Drain 1983 10 4 4 0
channels Relief Channel 1979 8 1 13
Cut-off Channel 1986 19 1 5
Old Bedford River (counterdrain) 1993 9 1 11
Soham Lode 1990 4 1 25
Canals Grand Union 1990 15 1 7
Supportive evidence that this is a real preference and not just due to differences in, for example 
sampling methodology between small and large systems, is provided by hierarchical cluster 
analysis (Fig. 3). This reveals that spined loach is most closely associated with three-spined 
stickleback (Gasterosteus aculeatus) and carp (Cyprinus ccurpio). This bears a remarkable 
resemblance to the situation within Chara beds in Lake Veluwe (Perrow & Jowitt 1996a). A t the 
next decreasing levels of association, spined loach is associated with brown trout (Salmo trutta) 
then stone loach and minnow (Phoxinus phoxinus) and the bullhead (Cottus gobio), all species 
commonly associated with streams.
A similar pattern was found by Penczak et a i  (1991) in analysis from 233 sites in 13 drainage
basins in Lincolnshire and South Humberside, with spined loach broadly associated with a
group of species including rainbow trout (Oncorhynchus mykiss), minnow, stone loach, brown
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Figure 3. Dendrogram from hierarchical cluster analysis , 
illustrating average linkage between different fish species.
Data are from surveys of 345 sites conducted by the fisheries team from the 
Environment Agency Anglian Region, Central Area.
Rescaled Distance Cluster Combine
C A S E
Label Num
spined loach 17
3SP stikleback 20
common carp 21
brown trout 19
stone loach 18
minnow 22
bullhead 15
zander 9
bream 2
hybrid 11
ruffe 3
silver bream 3
tench 5
bleak 16
rudd 7
eel 10
roach 1
perch 6
pike 4
chub 12
dace 13
gudgeon 14
trout and bullhead. However, this was only at 2.1% similarity. This may be related to the wide 
habitat choice of spined loach, with a tendency towards streams, but also likely to be found in 
large drainage channels (see also Habitat associations in lakes below) (Table 2). This suggests 
the ecological requirements of the species may be met within a variety of habitats or put in a 
different way that the constraints on spined loach populations may be absent in a variety of 
circumstances. For example, from the Central area data set, spined loach tended to be associated 
with more diverse fish communities (t-test, n=315 & 30, t=2.44, p<0.05). This suggests an 
association with higher water quality and habitat diversity. It is also possible that the association 
with diverse communities is actually avoidance of a situation whereby one or two species 
dominate the community. For example, sites with spined loach had a significantly lower density 
of the overall numerically dominant roach (Rutilus rutilus), than those without (t-test, n=315 &  
30, t=2.01, p<0.05). The absence of competitively superior species may be the real key to the 
distribution of spined loach.
Habitat differences in watercourses with and without spined loach
The comparison of habitat and water quality variables generated from watercourses with and 
without spined loach revealed no significant differences (Table 3).
Table 3. Mean (± 1 S.E.) values and results the student t-tests of the habitat 
and water quality variables in watercourses in which spined loach 
is known to be present or thought to be absent.
Variable spined loach 
present
spined loach 
absent
P
width (m) 12.87 ±2 .16 12.75 ± 3.58 NS
depth (m) 0.79 ±0 .16 0.77 ±0 .14 NS
bank slope (°) 57.56 ± 2.17 66.33 ± 5.38 NS
sand (score/5) 0.78 ± 0.58 0.00 ± 0.00 NS
gravel (score/5) 3.22 ± 0.60 3.11 ± 0 .74 NS
silt (score/5) 3.89 ±0.31 3.33 ± 0.69 NS
submerged/floating macrophytes 
(rank DAFOR)
2.21 ± 0.24 2.74 ± 0.25 NS
littoral emergent macrophytes 
(rank DAFOR)
3.40 ± 0.20 3.22 ± 0.25 NS
BOD (90 percentile) 3.41 ± 0.35 3.93 ± 0.57 NS
ammonia (90 percentile) 0.35 ±0 .12 0.26 ± 0.04 NS
dissolved oxygen (90 percentile) 67.92 ± 2.51 63.70 ± 3.61 NS
This 'broad-brush' analysis was based on the derivation of mean values from a whole (or large 
section) of watercourse and if spined loach is present or absent from that watercourse and may 
have been confounded by high variability between and within sites. For example, a river may 
be channelized (overwidened and straightened) in one section and be almost natural
(meandering with a variety of habitats) in another. Thus in this analysis there was no scope to 
determine whether spined loach was associating with particular habitats within each system. 
Judging from the small number of sites from which spined loach was recorded both overall (30 
out of 345 i.e. 8.7%) and from within each watercourse (Table 2), it is plausible that spined 
loach is in fact limited by the availability o f particular habitat or water quality criteria
The field sampling and laboratory choice experiments of Robotham (1978a), the only published 
reference on factors affecting the distribution of spined loach, illustrated the preference of the 
fish for fine (0.15-0.34 mm) sediment containing organic material. This general requirement for 
a fine substratum ties in with:
• The tendency of the fish to bury itself in the sediment when not active, often during the 
day in aquaria (Lodi & Malacame 1990, Maitland & Campbell 1992).
• The specialised feeding mechanism of the species, in which it pumps fine material 
through its buccal cavity and extracts food particles from it with mucous (Robotham 
1982).
• Its adaptation to low oxygen levels, typical by having a relatively high gill surface area 
through the presence of large numbers of secondary lamellae for the absorption of oxygen 
(Robotham 1978b). It is also assumed to have the ability (like other loach species), to 
take in atmospheric oxygen at the water surface for absorption through the gut.
Robotham (1978a) then argues that the distribution of fine sediment in rivers is patchy and that 
spined loach is patchily distributed as a consequence. There is little support for this claim as 
many rivers, lakes and artificial channels within its known, effectively lowland, area of 
distribution have such a sediment, heavy loading of which is generally seen as undesirable and 
is frequently the target of river rehabilitation schemes (e.g. Perrow et al. 1996b).
Waters with loading of fine sediments typically show a tendency to poorer water quality e.g. a 
decline in oxygen levels and an increase in ammonia. Adaptations to such environments (see 
above) imply that spined loach can tolerate reasonably high ammonia concentrations. The 
habitat suitability index model for the spined loach (Habitat Geschiktheid Index model: Kleine 
modderkruiper-Witteveen & Bos unpubl. data) also indicates that spined loach can tolerate a 
wide pH range (5-10) with an optimum around 7. Thus water quality criteria typically limiting 
fish species do not appear to limit spined loach, and by the nature of its habitat may be 
positively associated with such variables. Indeed, the only factor that may conceivably have a 
detrimental impact on the distribution of spined loach is high salinity. Unfortunately there is no 
available information on this effects o f  this variable.
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In the Great Ouse, Robotham (1978a) also showed that spined loach was associated with 
slower flowing water (mean of 15 cm/s compared to a mean of 29 cm/s without spined loach). 
In particular, fish became concentrated in deeper slacker areas at the highest flows in winter. 
However, deposition and thus presence of fine sediment is correlated with flow, so it is unclear 
if the species is unable to cope with higher flows, like its relative the stone loach. The 
association with stream fishes (see above) tends to suggest that flow perse  is not a limiting 
factor.
Habitat associations in lakes
Experiences from the Netherlands from the Kleine beek (stream) and Nordieep lake (4.5 ha) 
and the Botshol wetland area (see Simons et al. 1994) and the very large lakes Wolderwijd 
(2700 ha) and Veluwe (3400 ha) (Witteveen & Bos unpubl. data), suggest the spined loach 
prefers a sandy substrate. In the general document on the status of the species Lelek (1980) also 
suggests sand is preferred and that the layer of mud should not be thick or coherent. It may also 
be no coincidence that in the data set analysed above, although there was no significant 
relationship, spined loach was absent from those watercourses that did not contain any sandy 
substrate (Table 3).
Furthermore, workers in the Netherlands perceive spined loach to be strongly associated with 
vegetation. Associations with the moss {Fontinalis ami pyre da), Chara spp. and Ceratophyllum 
demersum have been observed. In some situations, spined loach was also found in littoral 
habitats amongst emergent vegetation including reed (Phragmites australis) and Glyceria 
maxima. This is supported by the observations of Robotham (1978a), with spined loach being 
found amongst the filamentous alga, Cladophora, which led to Robotham concluding that it 
was a major 'summer habitat and probable breeding site’.
Detailed sampling in Lake Veluwe, where a large population of the species was present 
(numbers reaching 0.36 n r2 in favoured habitats-Fig. 4), tended to confirm the strong 
preference of spined loach for particular habitats. Apart from the first sampling occasion, the 
numbers of spined loach were always significantly different between habitats during both day 
and night (Table 4). Further the patterns of selection for particular habitats changed both over 
the season and from day to night (Fig. 4). In early season, when spined loach numbers were at 
their lowest, although more were present in the Chara, this was not significantly different from 
the other habitats. Further, there was no evidence of particular habitat selection within the Chara 
(Table 5). In contrast in July, fish were clearly selecting for more patchy habitats with a greater 
proportion of bare sediment within Chara beds (Table 5). This is borne out by the greatest 
numbers in the patchy Chara of the transition zone during the day (Fig. 4).
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Table 4. Results of ANOVA on the abundance of spined loach in the various 
habitats. F values and associated probability where 
* p<0.05, ** pcO.Ol, ***  p<0.001 are shown.
Date Sample F value P
June day 2.6 NS
night 1.5 NS
July day 3.8 **
night 3.5 **
August day 7.1 ***
night 5.3 ***
September day 15.1 ***
night 3.3 ***
October day 9.3 ***
night 2.7 *
Table 5. Comparison of characteristics within Chara beds (mean ± 1 S.E.) at 
random locations with those occupied by spined loach. Significant differences 
as revealed by t-test are shown by * p<0.05, ** p<0.01, *** p<0.001.
Variable June July
occupied random P occupied random P
height of Chara (cm) 9.75 ± 0.29 10.3 ± 0.54 NS 14.8 ± 1.13 19.0 ± 1.27 *
% bare sediment 26.3 ± 3.55 24.2 ± 4.09 NS 33.8 ± 3.45 14.6 ± 3.96 ***
distance to bare 
sediment (cm) 13.9 ± 39.7 45.4 ± 202.1 NS 9.8 ± 2.91 127.3 ± 40.7
***
As Chara reached its peak cover in August, spined loach had become concentrated in the sparser 
Chara beds at the transition with open water, with significant differences between numbers in 
this habitat and all other habitats. However, at night spined loach were more abundant in the 
more open habitat of the Potamogeton zone, which at this point in time contained patches of 
filamentous algae but virtually no Potamogeton (pers obs.). This pattern of being found in 
patchy Chara during the day and more open habitats at night was reinforced in September, 
particularly as the extent of cover in the open water zone had increased through the abundance 
of Alisma spp. By October, the transition zone and the open water zone contained similar 
numbers by day. At night, with the general decline of macrophytes in this period, spined loach 
was relatively evenly distributed throughout all habitats apart from the littoral zone.
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The result from this study are in general agreement with the conclusions of the habitat suitability 
index model (Witteveen & Bos unpubl. data) in that spined loach prefers perhaps 50-80% 
macrophyte coverage with 100% being less suitable. This must be related to the requirement of 
spined loach to have access to the sediment to feed. Spined loach will also clearly move into 
more open areas under the cover of darkness, also presumably to feed. This reinforces the 
general feeling that the species is crepuscular (Maitland & Campbell 1992) with a peak in 
feeding activity at dawn (Robotham 1977). The presence of spined loach in relatively open 
water at night refutes the assumption in the habitat suitability index model that open water is 
avoided and indicates that spined loach prefers a heterogeneous environment with macrophytes 
and open sediment. The creation of a heterogeneous habitat within Veluwe appears to be linked 
to depth and consequent availability of light for macrophytes. In addition, grazing by mute 
swans {Cygnus olor) appeared to create open patches within the Chara itself Such 
heterogeneous habitats may be mimicked with a particular management regime, for example, 
selective weed clearance. However, the exact nature and timing of any management regime is as 
yet unknown (see Further monitoring and research requirements below).
The question remains, what caused the spined loach to associate with macrophytes during the 
day and move into more open areas at night? The most obvious explanation is predation risk. 
Spined loach is a very small species (see Fig. 5) that could be consumed by a variety of fish and 
bird predators. Veluwe contained a large population of large benthivorous fish such as bream 
and carp (Cyprinus carpio) which could easily swallow spined loach, as well as piscivores such 
as perch {Perea Jluviatilis) and eel (Anguilla anguilla). It is perhaps no coincidence that 
benthivorous fish avoided the Chara beds, with little direct access to the sediments, and of the 
piscivores, only eel is likely to be efficient at night
Even if large benthivorous fish present no direct threat to spined loach, their vigorous feeding 
action, digging deep into the sediment may a) disturb resting loach and b) change the nature of 
the substrate and thus the benthic community (Breukelaar et al. 1994, Tatrai et al. 1994).
Spined loach feed on small Chironomids, chydorids, copepods as well as protozoa and desmids 
(e.g. Closterium) associated with the surface layers of the mud and vegetation (Robotham 
1977). Such organisms are likely to be affected by large biomasses of benthivores. High stocks 
of zooplanktivorous/benthivorous fish are also known to reduce plants through various 
mechanisms:
• Selective predation on large-bodied Cladocera which may in turn reduce grazing pressure 
on phytoplankton populations causing turbid water and shading out of submerged 
macrophytes (Phillips et aL 1996).
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• The indirect increase in phosphorus available to phytoplankton through enhanced release 
from the sediments as a result of disturbance from foraging fish (Tatrai et aL 1990).
• The direct increase in phosphorus available to phytoplankton through egestion 
(Tatrai & Istvanovics 1986).
The general association with macrophytes may also be linked to spawning requirements. As 
discussed by Mann (1995), spined loach is reputed to lay its eggs on plants, although there is 
no clear evidence to support this claim. Observations of the spawning behaviour of the species 
in aquaria by Lodi & Malacame (1990) show that the male coils laterally around the females 
body in the final stages of courtship. Batches of eggs are extruded and fertilised as the females 
- swims or wriggles along the bottom. Eggs simply sink down to or are laid upon whatever 
substrate is available. Thus there is no evidence to suggest that macrophytes are an important 
spawning substrate.
There is also no evidence that macrophytes are particularly important for juvenile fish (Table 6), 
the patterns of distribution being broadly similar to those when all fish were combined (see 
Table 4, Fig. 4). Although the microhabitat requirements of juveniles were proposed by Mann 
(1995) to be a critical area of research, there is no evidence as yet to suggest that these are any 
different from those of the adults.
Table 6. Results of ANOVA on the abundance of juvenile spined loach in the 
various habitats. F values and associated probability where 
* p<0.05, ** p<0.01, *** p<0.001 are shown.
Date Sample F value P
July day 1.0 NS
night 5.3 ***
August day 1.5 NS
night 4.4 **
September day 15.1 ***
night 11.1 ***
October day 7.2 ***
night 2.2 NS
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Key issues of a conservation strategy fo r spined loach
Implications o f the taxonomic status of spined loach in the UK
A number of important issues have come to light during the course of this study, relating to the 
conservation of spined loach in the UK. This stems from the tendency of the species to form 
races or subspecies typically referred to as the Cobitis taenia complex (Saitoh 1990). In Japan, 
there is good evidence through sarcoplasmic protein banding that one such subspecies C, taenia 
taenia originates from a hybrid of C. taenia striata and a related species C. biwae (Sezaki et al. 
1994). There is also good evidence that differently-sized sympatric races or forms of spined 
loach are reproductively isolated, with different spawning sites and general habitat preferences 
i.e. small irrigation creeks for the small form and the main stream and tributaries for the middle 
form (Saitoh 1990). Further, Saitoh & Aizawa (1987) showed seven races tended to occupy 
specific geographic ranges and where sympatric, hybridization was not effective.
Within Europe, Lelek (1980) recognised eight subspecies (Table 1). There is some debate, 
however, as to whether such differentiation is valid. For example, Marconato & Rasotto 
(1989), working in a small river in northern Italy, illustrated that males within a population may 
exhibit great differences in colour pattern within a season with pula, intermedia and bilineata 
forms being recognised (Marconato & Rasotto 1989). Bilineata appears to be the livery adopted 
by mature males during the breeding season (Marconato & Rasotto 1989). Lodi & Malacame 
(1991) showed that both forms may exist within the reproductive season and that some males 
maintain puta colouration even when sexually active, although Puta males show considerably 
less reproductive activity and potentially reproductive success than bilineata.
Table 7. Possible subspecies o f the spined loach in Europe
(after Lelek 1980).
Subspecies Distribution Authority
C j . bilineata northern Italy Canestrini 1866
C j . dalmatina River Cetina, Dalmatia Karaman 1928
C.t. haasi eastern Spain Klausewitz 1952
Cj . meridionalis Lake Prespa Karaman 1924
Cj . paludicola Tejo basin and nothem Africa F. de Beun 1930
C.t. puta Po, Brenta & Dese basins Cantoni 1882
C j . strumicae Struma basin Karaman 1955
Cj . zanandreai Campania, Italy Caricchioli 1965
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In the UK, populations of spined loach have been isolated from the continent for a long time, 
around 10 000 years from the end of the last ice age and the severing of the land bridge. The 
principal population centres of the species, the Trent the Great Ouse and Witham are also 
isolated from each other. These metapopulations are not likely to have mixed through the typical 
agents such as stocking by anglers, as the species is of no commercial interest or even as bait 
for other species. Thus, it cannot be ruled out at the present time if the UK contains endemic 
forms (with characteristic morphological differences analogous to the races of brown trout-see 
Maitland & Campbell 1992), subspecies or even full species o f ' spined loach (see Robotham 
1981). Any of these may exhibit different habitat requirements (Saitoh 1990).
Without detailed research on different populations, including molecular work such as 
chromosome banding, their taxonomic status will remain unclear. This will demand further 
resources including finances and time. The pragmatic approach may thus be to establish SAC’s 
in each of these catchments to safeguard potentially different spined loach populations. Even if 
subsequent work shows the fish in these populations to be of the same taxonomic status, the 
setting up of three SAC’s is likely to meet the principal objective of Annex II of the EC 
Directive, that is, to ensure the conservation status of the species through conservation o f viable 
populations.
Details of the Ouse Washes proposed SAC
The current proposed SAC at the Ouse Washes would meet the objective of conserving a viable 
population of spined loach within one of its population centres. The current proposed SAC 
incorporates an approximately 19 km length of the outer (counterdrain becoming Old Bedford 
river downstream) and inner (Old Bedford becoming River Delph downstream) rivers. The 
likely effectiveness of the SAC is compromised at present by the lack of knowledge of the 
species in this area and of the effects of the intensive management regime in this largely artificial 
system. Records of spined loach are limited to a single site record (density of <0.001 n rrr2 -EA 
unpubl. data) from the counterdrain or outer river (Old Bedford River at that point) and a single 
individual accidentally captured by wardens of the RSPB during collection of material fo r a 
demonstration of animal and plant life in the washes housed in the visitor centre. There is a 
further unconfirmed sighting of what may have been a spined loach by a RSPB researcher (G. 
Tyler pers comm.) from the inner river near Sutton Gault (the Old Bedford River). There are no 
known records from the main, Hundred Foot (New Bedford) River, currently outside the SAC.
The selection of the counterdrain for the inclusion in the SAC appears to be justified, as what 
appears to be suitable habitat for spined loach is present (at least in one section) i.e. abundant 
submerged macrophytes (Elodea canadensis, Myriophyllum spicatum, Potamogeton natans &
P . lucens as well as filamentous algae), over a silt/gravel substrate with imperceptible flow (EA-
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RCS unpubl. data). From the sample of RCS data, the inner river is much wider, has higher 
turbidity and consequently fewer macrophytes. The Hundred Foot river is highly turbid 
(indicative of high sediment loading and perhaps high nutrient levels-see below) and has no 
obvious submerged macrophytes and virtually no emergent littoral vegetation-pers obs.) and is 
thus likely to be unsuitable for spined loach.
The actual washes, 1914 ha area of lowland wet grassland (the largest example in the UK) 
between the outer and inner river on one side and the Hundred Foot on the other, are of huge 
conservation importance, as recognised under SSSI, Ramsar site and SPA status. The site is 
noted particularly for wintering wildfowl and breeding waders, although several nationally 
rare/uncommon plants are also represented. The area is drained by 140 km of ditches which 
form an important habitat for aquatic plants and animals. Floral and invertebrate diversity is 
high in places, partly dependent on substrate type and more importantly, nutrient loading 
(Cabury et al. 1993-see below). The dykes also act as wet fences to control the movements of 
livestock. The latter maintain the grass dominance of the site, which would otherwise quickly 
become dominated by Glyceria maxima and willows (N. Lambert pers comm.).
With the flooding of the washes in winter, virtually all these habitats become connected and 
movements of a small fish such as spined loach would be unrestricted. There is thus a pressing 
need to determine the distribution of spined loach in the system, in particular whether the ditch 
habitat is important and whether the ditches themselves should be incorporated into the SAC 
(see Mann 1995).
The timing and availability of water on the washes is clearly of direct importance to the 
suitability of the site for spined loach. This is entirely regulated. In simple terms (see Cadbury 
et al. 1993), the Hundred Foot river takes the flow of the system from the Bedford Ouse, past 
the washes to Denver Sluice and ultimately to the Wash. When it reaches a particular level, 
water is diverted via the sluice at Earith. As this overtops, the washes begin to fill. As the levels 
vary considerably within the washes, this movement of water is relatively complex, but in 
general terms the washes in the Welney area (site of the RSPB and Wildfowl and Wetlands 
Trust (WWT) flood last and drain first, and all washes fill from the bottom third first. 
Moreover, the outer river (counterdrain) receives water from adjacent arable land. When the 
levels are high in this, water is pumped into the inner river by the pumping station at Welches 
Dam. A sluice gate on the inner river downstream at Welney is closed prior to pumping and is 
reopened as the levels rise. Water is then allowed downstream to Denver Sluice. This sequence 
of events usually occurs in winter. However, the incidence of flooding in spring and summer 
has increased since 1974 and in the last few years has increased to such an extent as to create 
problems for nesting waders. The reasons fo r this increase are largely unknown but may be
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linked to changes in operational procedure and channel capacity (through silting) of the river 
below Denver sluice. All of this water level control is undertaken by the Environment Agency 
flood defence engineers. There is some current concern that with changes in water level control, 
the levels of salinity will increase (R. Hall pers comm.), although in the absence of any 
available information (see Habitat preferences o f spined loach above) it is not possible to predict 
if any detrimental impact is likely should this occur.
Water levels in the ditches during summer are generally maintained through direct input from 
the Hundred Foot through a series of drainage channels ('slackers'), which are controlled by 
means of sluices. The 14 slackers vary considerably in form and efficiency, although generally 
allow effective management of water levels in the site. This is undertaking by staff on the 
reserves under the remit of the Internal Drainage Board (IDB). The IDB has a high percentage 
of members for whom conservation is a prerogative, and so much of the management is 
undertaken in a sensitive manner (N. Lambert pers comm.)
The input of water from the Hundred Foot river does present significant problems. The water 
quality in the river is poor and potentially has extremely high levels of nutrients. This is the 
undoubted cause of the decline in botanical richness of the dykes within the site between 
surveys conducted in 1978 and 1992, six species have declined (including Chara vulgaris) and 
four (including the pondweeds Potamogeton berchtoldii & P. compressus and Zannichellia 
palustris) are thought to have become extinct (Cadbury et al. 1993). Nutrient tolerant species 
such as Ceratophyllum demersum and Lemna species have increased, both aggressive species 
which may be responsible for the poor species richness in many dykes.
If spined loach is present in the dykes, which seems likely, judging from its tendency to occur 
in small watercourses such as streams or habitats within larger watercourses which have few 
other fish, there are a number of issues which may affect its abundance in such habitats. These 
include:
• Nutrient enrichment.
• Management of dyke profile.
• Management through dredging ('slubbing').
Although continuing nutrient enrichment and the subsequent effects on water quality are 
unlikely to affect spined directly, with the prospective preference of spined loach for 
macrophytes, the consequent decline in abundance and diversity of macrophytes and associated 
fauna and microflora may have had (or continue to have) a detrimental impact on  spined loach. 
The dyke profile also has a direct impact on the presence, abundance and diversity of
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macrophytes. Wider dykes tend to be less shaded and thus have more macrophytes. 
Macrophytes also tend to be more associated with steep-sided dykes, as this means light- 
competing emergents are disfavoured. Management of dykes through dredging of silty 
sediments, the abundance of which is directly linked to loading from the Hundred Foot river 
through the slackers, also influences the macrophyte flora. The more specious communities 
seem to occur in more recently (<3 years) managed dykes. On one hand, this may favour 
spined loach. On the other hand, dredging may directly remove spined loach buried in the 
sediment or significantly alter their habitat Although modification is likely to be detrimental in 
the short term (through adverse impact on invertebrate fauna and water quality-Pearson & Jones 
1975) it may not be detrimental in the longer term. Management creating a heterogeneous habitat 
may also favour populations of spined loach (see above).
The dykes within the Ouse Washes may be easily classified according to dyke profile, for 
example Cadbury et al. (1993) recognise 6 types. Records are also available for the frequency 
of slubbing for many dykes (N. Lambert pers comm.). The effect of these two variables on the 
abundance and structure of spined loach populations should form the basis for further 
investigation. This will act as a model for management in  other systems and will form the basis 
of management guidelines (see below) for those organisations, primarily the flood defence 
function of the Environment Agency, involved in routine maintenance work (including 
dredging, weed control and management of bank profiles).
Management guidelines _
At this stage, the available information is rather general in nature, which is reflected by the 
preliminary, precautionary management guidelines set out below:
• Spined loach associate with submerged and possibly emergent macrophytes. This implies 
that the eutrophication leading to the loss of submerged macrophytes in any water body in 
which spined loach is present is likely to adversely affect the population. Action should 
therefore be taken to significantly reduce any nutrient loading to any system containing 
important populations of spined loach, as well a s  SAC's.
• Spined loach associate with sandy or perhaps silty substrates. However, excessive 
loading of fine sediments is likely to be detrimental to populations of submerged 
macrophytes and benthic flora and fauna and ultimately spined loach Action should 
therefore be taken to significantly reduce any sediment loading to any system containing 
important populations of spined loach, as well as SAC's.
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• Spined loach tend to be associated with relatively diverse fish populations, which in rum 
are typical of high habitat diversity. Action should therefore be taken to limit or even cease 
any management causing a significant reduction in habitat diversity e.g. channelization 
(widening, straightening, deepening, removal of woody debris and other channel 
features), of river and stream channels.
• Spined loach seem to be less likely to be found in fish communities dominated by a high 
biomass of benthivorous fish such as roach and bream. This may be linked to such fish 
changing the nature of the sediment and depletion of its invertebrate resources. High 
stocks of zooplanktivorous/benthivorous fish are also known to disfavour populations of 
submerged macrophytes through a variety of mechanisms (see Habitat preferences o f  
spined loach above). Action should therefore be taken to prevent stocking of both these 
species or any introductions and limit any unregulated manipulations in any system 
containing important populations of spined loach, as well as SAC's.
Information on the effects of various management practices used by the Environment Agency 
and other organisations* on spined loach is unavailable at present, although it is likely to be an 
important aspect in the conservation of spined loach populations (see Details of the Ouse 
Washes proposed 5ACabove and Further research and monitoring requirements below).
Without more detail on the boundaries of particular management practices that may be allowed 
without having a detrimental impact on populations, any guidelines are inevitably rather 
precautionary. It is clear that more specific information on the effects of particular aspects of 
management will be required before more concise guidelines can be developed. More 
information will be available on the effects of ditch managament (dredging and profiling) as 
well as the relationship between spined loach and macrophyte abundance diversity and therefore 
nutrient enrichment, following the fieldwork component of this project Further information 
gathering is envisaged to also adopt a correlative approach using surveys, However, more 
detailed pre- and post-monitoring of (a) population(s) in relation to management is also 
desirable (see below).
Further monitoring and research requirements
Towards establishing further SAC's in other catchments
The first objective of any further work must be establish the status of populations and identify 
key areas within the catchments of the Trent and the Witham. This would be to a view to
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establishing SAC's within both of these catchments. There are a number of general 'rules of 
thumb’ that may help target areas of likely interest:
• Using any available records from these systems, check for any clustering or repeat 
records, that may indicate good areas for spined loach.
• Determine the distribution of high quality areas for conservation, that is those areas with 
good habitat quality and a low level of anthropogenic disturbance. This would include any 
riverine-associated SSSI's within either catchment Not only are these likely to have 
populations of spined loach, but in the case of the latter provide the basis for any further 
protection.
• Begin preliminary surveys~in the small tributaries off the main channel as these may tend 
to have relatively good quality habitat, lower fish biomasses and a preponderance of 
smaller species with which spined loach tends to be associated.
The third catchment, the Great Ouse and associated waterways, already contains a proposed 
SAC, the Ouse washes (see Key issues of a conservation strategy for spined loach above). If 
preliminary surveys (conducted as part of this project) reveal good numbers of spined loach, the 
basis for this site to become a SAC may be supported. However, there are a number of issues 
affecting the system that are of concern (e.g. nutrient enrichment-see Key issues of a 
conservation strategy for spined loach above). Provided these can be assured to be of little 
consequence to the future value of the site or action can be taken to alleviate their effects, there 
is no further reason to seek to establish a monitoring programme on the wider Ouse system. 
Management of waterways would take the interests of spined loach into account, through 
provision of management guidelines from EN and the EA (see above).
Conversely, should the Ouse washes prove to support small or non-viable populations of 
spined loach, then a further site within the Ouse Washes system should be selected. Wicken 
Fen appears to be a most suitable candidate. Not only are spined loach known to be present they 
appear to be present in good numbers (M. Peacock pers comm.) and widely distributed through 
the channels (lodes) (pers obs., J. How pers comm.). The presence of spined loach has been 
confirmed as by-catch of sampling for bitterling (Rhodeus sericeus) with electrofishing (by 
ECON) and bottle traps as part of the research led by Dr. John Reynolds at UEA. However, 
simply as a result of the sampling thus far, it is not known if spined loach occurs in the open 
water of the fen proper. If the water is clear and macrophytes are present, such habitat may be 
particularly good, comparable to the situation in large lakes in the Netherlands. A further 
advantage of the selection of Wicken is its high conservation status (SSSI and NNR) and 
proposal as a SAC for depressed river mussel (Pseudanodonta compressa).
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A further site of interest is the ARC Wildfowl refuge at Great Linford. Spined loach has 
colonised from the Great Ouse and is reputed to be very common, frequently being encountered 
in invertebrate samples (N. Giles pers comm.). There is thus merit in establishing the size of the 
population on the site and if it is freely distributed between the different lake types, varying 
from macrophyte- to phytoplankton dominated (Giles 1992).
During any sampling for spined loach, suitable habitat and water quality variables should be 
quantified to provide additional data to determine if loach (of different ages) are associated with 
particular microhabitats. Of the water quality variables, salinity is of high priority due to the lack 
of knowledge of its influence and as it is of particular concern at the Ouse washes.
Determining the effects of routine management practices
To begin to evaluate the likely of management it is useful to consider general aspects of the 
population dynamics of the species:
• Spined loach populations are in general dominated by young fish (see Fig. 5 fo r an 
example from Veluwe) as the lifespan of any individual rarely exceeds three years (ref) 
Thus, recruitment in any one year is essential to maintain the population. Any detrimental 
impact at a critical period limiting recruitment may thus have disastrous population 
consequences.
• Of the watercourses in which spined loach was recorded from Central Area of Anglian 
region, only 3 (Upper Great Ouse, River Nar and the River Wissey) contained spined 
loach in more than one (and never more than 2) annual surveys. The number o f  surveys 
ranged between 2-7 between 1979 and 1996. Such an infrequent encounter rate in the 
highly managed waterways of this area may indicate that spined loach populations wax 
and wane perhaps in response to management-induced habitat changes.
Several critical aspects of management are considered:
• Dredging.
• Weed cutting.
• Littoral margin management.
• Channelisation in small streams.
Dredging and weed cutting should be investigated by monitoring at replicate (n>5) sites and 
controls pre- and post-management for at least one year to investigate short and long term 
effects on habitat use, population structure and recruitment patterns etc. Potential sites include
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Figure 5. Length frequency histograms of all spined loach captured 
Veluwemeer from June to October 1996.
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the outer/inner rivers at the Ouse Washes should these sites prove to be capable of supporting 
good spined loach populations, or the lodes associated with Wicken Fen which are known to  
harbour good populations (J. How pers comm., pers obs).
The impacts of littoral margin management and channelisation in small streams may both be 
investigated by direct comparison of relevant habitat variables quantified at fish sampling 
points, during sampling to determine distribution of spined loach within the Trent and With am  
catchments. Careful selection and classification of sites encompassing the available range of 
habitat variables will be necessary.
Proposed sampling techniques
Point abundance sampling (PAS) by electrofishing (Copp & Penaz 1988, Perrow et al. 1996a) 
has several advantages over standard techniques, specifically as it involves taking a large 
number of samples leading to a low variance to mean ratio (Perrow et a i  1996a). Electrofishing 
in general is very efficient from ‘drawing’ the fish from cover including the sediment and point 
sampling provides a means of generating quantitative estimates of fish density. Quantification of 
environmental variables at each point, is also a powerful way of assessing the factors 
determining the distribution and abundance of the fish..
Experience has shown that even where water clarity precludes seeing small fish near the 
bottom, netting through the area sampled by the anode results in the capture of any stunned fish 
anyway. Point sampling may thus be undertaken successfully in turbid water. However, point 
sampling by virtue of sampling only a small area at each point and even with considerable 
numbers of points, the area sampled may not be large (200 points would only be 300 n r2), rare 
fish may be sampled. This is particularly relevant in the case of spined loach which appears to 
show an aggregated distribution (pers obs).
Therefore, in sites which have few spined loach, a more qualitative technique, sampling a larger 
area may prove to be more effective. Typical electrofishing (but using high frequency gear to 
minimise injury to fish) conducted in a ‘free’ manner is also recommended. This may be 
undertaken over a known time period or perhaps known length of littoral margin to generate 
catch per unit effort (CPUE) data. Electrofishing is only suitable however where the water 
depth is less than 2m. In this situation, the use of ‘bottle' traps, is recommended. These appear 
to be successful in catching spined loach (J. Reynolds pers comm.). If any site sampled varies 
radically in depth, a relatively flexible approach using a combination of techniques in order to 
capture any spined loach present will have to be adopted.
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Appendix 1. Terms of Reference.
Spined Loach (Cobitis taenia): A review of habitat and management 
requirements
BACKGROUND
The Spined Loach is a small bottom dwelling fish which is confined to the rivers and drainage 
channels in the Midlands and eastern England. It is generally considered to be widely distributed 
within these areas, but since it is often overlooked in fish surveys, detailed information is lacking. 
Apart from selected studies its ecology appears to have been little studied in England.
The spined loach is considered to be threatened within Europe and is therefore listed on 
A ppendix 3 of the Bern Convention and Annex II of the EC Directive on the conservation of 
natural habitats and wild flora and fauna. The latter places a duty on member states to ensure 
the long term conservation of this species, and specifically requires that special areas of 
conservation (SACs) should be designated for it and that appropriate actions should be defined 
and undertaken which will enable them to ensure its long term favourable conservation status 
(fcs) to be ensured. Following a review of available information, one site in the UK, the Ouse 
W ashes, has been proposed for designation as a SAC. It is likely that it will be confirmed. 
However, it is clear from the review that the lack of detailed information on either the 
distribution of the spined loach or its habitat requirements coupled with the lack of general 
aw areness about the species had not only restricted the ability to identify key sites but could 
potentially also hinder the developm ent of best management practice to protect this and other 
sites where it occurs.
In view of this, there is now an urgent need to more fully review the existing knowledge and 
information on the distribution and habitat requirements of the Spined Loach and to define 
where possible preferred habitat and best practice for those operations and functions for which 
bodies such as the Environment Agency and the Internal Drainage Boards are responsible. In 
addition it will be equally important to identify those aspects of ecology and distribution which 
will need further research if the requirements of the Directive are to be fully met.
Overall Objective
The overall objective of the project is to ensure that the requirements of the EC Directive on the 
conservation of natural habitats and wild flora and fauna can be met.
It should be noted that the overriding requirement of the project is to inform m anagem ent 
decisions which need to be taken now. As such the emphasis is to draw together the best 
available advice, testing this where appropriate, rather than seeking to set up and undertake a 
detailed research programme.
Project Aims
There are five broad aims.
1. To review and consolidate all existing information on the distribution of the Spined Loach 
in England, so as to provide a clearer picture than currently exists of its distribution.
2. to identify habitat requirements;
3. To identify and where possible quantify the key factors/issues which will need to be 
addressed if favourable conservation of the Spined loach is to be achieved across the 
range of habitats in which it is found;
4. to produce management guidelines which will raise awareness of the issues relevant to 
conserving the spined loach and also enable operational staff to ensure that sympathetic 
management of those sites where Spined loach occurs can be undertaken with particular 
reference to weed and silt control; and
5. to identify those aspects of ecology and distribution where further research or review is 
needed.
Methodology
The main aims of the project will be met through the following approaches.
1. A review of the published literature and any information held by regional EA staff and 
other interested bodies ie IDBS, NT, RSPB to identify all known records of Spined loach, 
in its area of distribution.
2. A review of habitat requirements in both the published and grey literature to produce 
clear guidelines of physical and chemical and biological characteristics of its preferred 
habitats.
3. Analysis of the information held on the Ouse Washes to confirm the habitat 
characteristics of those sites where Spined Loach occurs, and to identify other possible 
sites where they may occur.
4. Limited survey, using appropriate techniques such as 'point electric fishing7, to confirm 
the presence and if possible the population characteristics of Spined Loach from a 
selection of sites known to support the species and a selection of sites, which from ah 
analysis of their attributes should support Spined Loach.
5. The synthesis of the results from 1 to 4 to produce draft management guidelines covering 
those operational functions, particularly weed and silt control, undertaken by the EA, 
IDBs and others. As part of these guidelines it will be important for the contractor to 
identify existing management practices and to indicate clearly whether or not these need 
to be modified. Where there are clear gaps in knowledge, advice should reflect the 
precautionary principle. Raising awareness of the likelihood of finding and recording 
the presence of spined loach is an important part of this and a section of the guidelines 
should be devoted to this.
6. Recommendations for future research.
7. Recommendations for monitoring whether favourable conservation status is being 
maintained, including details of any actual survey techniques.
Results
The results of this project will be presented in the form of a written report, produced to the 
satisfaction of the project board. If appropriate a distinction should be drawn between different 
channel types ie river, ditch or dyke. Management guidelines should be produced in the form at 
adopted by the EA and illustrated to the example included in Appendix 1.
Project Management
The project will be overseen by a project board comprising officers from EN and the EA.
Timescale
A draft report will be produced by December 1996.
A final report by April 1997.
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Bemie Chaple, Scottish Natural Heritage, 12 Hope, Terrace Edinburgh EH9 2AS.
Telephone 0131447 4784 
Dr. Oliver Crimmen Natural History Museum, Cromwell Road, London, SW7 5BD 
Dr. Nick Giles, 50 Lake Road, Verwood, Dorset, BH31 6BX
Paul Harding, British Records Centre, ITE Monks Wood, Abbots Ripton, Huntington, 
Cambs PE17 2LS
Dr. Peter Maitland, Rare Fish Conservation Centre, Gladstone, Hadington, EH41 4N R  
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Midlands Region
Upper Trent Area Office: Sentinel House, 9 Wellington Crescent, Fradley Park, 
Lichfield, Staffs, SW13 8RR 
Lower Trent Area Office: Trentside Offices, Scarrington Road, West Bridgford, 
Nottingham
Upper Severn Area Office: Hafren House, Welshpool Road, Shrewsbury, SY3 8BB 
Lower Severn Area Office: Riversmeet House, Northway Lane, Tewkesbury, GL20 
8JG 
Anglian Region:
Central Area Office: Broomholme Lane, Brampton, Huntingdon, PE 18 8NE, Norwich 
Office: 79 Thorpe Road, Norwich, NR1 1EW 
North West Region:
Regional Office, Richard Fairclough House, Knutsford Road, Warrington, WA4 1HG
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Appendix 4. List of all confirmed spined loach records
Grid references in brackets were workrd out by AJ from discriptions
River Site Name NGR Year Source
16 Foot Drain Boots Bridge TL446912 1983 Mann 1995 (NRA Anglian))
16 Foot Drain Sparrow Hall (TL465943) 1983 Mann 1995 (NRA Anglian))
16 Fool Drain Poplar Farm Bridge 7 1983 Mann 1995 (NRA Anglian))
16 Foot Drain Crown Drove Road 7 1983 Mann 1995 (NRA Anglian))
16ft Drain 724 TL447914 1994 Brampton (EA)
16ft Drain 726 TL464943 1994 Brampton (EA)
16ft Drain 727 TL474959 1994 Brampton (EA)
16ft Drain 728 TL485977 1994 Brampton (EA)
Ancholme Pease Holme TF023936 1993 Mann 1995 (NRA Anglian))
Ancholme TF0I5970 - TF015970 1979 Mann 1995 (NRA Anglian))
Ancholme North Kelsey Carrs T A006006 1979 Mann 1995 (NRA Anglian))
Ancholme Brigg Sports Centre 7 1979 Mann 1995 (NRA Anglian))
Anker SP318986 1996 Lichfield (EA)
Anker Broad Eye Bridge SP317985 1993 Lichfield (EA)
Anker R.Sence to R.Tame SK237048 1996 Lichfield (EA)
Anker Atherstone Ratcliffe Bridge SP317985 1993 Mann 1995 (NRA Seven Trent)
Barling’s Eau Newballwood TF082758 1982 Mann 1995 (NRA Anglian))
Bell water Drain Bellwater Farm TF423592 1993 Mann 1995 (NRA Anglian))
Burton Catchwatcr Drain Bishops Bridge 7 1982 Mann 1995 (NRA Anglian))
Counter Drain Vandervells TL512917 1993 Brampton (EA)
Cowbridge Drain d/s Kelsey Bridge TF346465 1995 Mann 1995 (NRA Anglian))
Cut off Channel u/s Hockwold Bridge TL727875 1986 Brampton (EA)
Derwent Wilne SK242314 1994 Mann 1995 (NRA Seven Trent)
Devon Cotham SK780470 since 1990 Nottingham (EA)
East Fen Catchwater Holmes Road, Stickney TF350566 1993 Mann 1995 (NRA Anglian))
El stowe Brook (TL051474) 1990 Mann 1995 (Copp 1990b)
Farroway Drain Praie Grounds TF136523 1994 Mann 1995 (NRA Anglian))
Fossdyke Pyewipe Inn ? 1978 Mann 1995 (NRA Anglian))
French Drove TF331089 1995 Mann 1995 (NRA Anglian))
Grand Union Wool stone SP872390 1990 Brampton (EA)
Granta Babraham (I .A .P.) TL507508 1993 Brampton (EA)
Granta Babraham TL496514 1993 Brampton (EA)
Grantham Cannal SK350290 since 1990 Nottingham (EA)
Great Ouse Passenham SP782393 1989 Mann 1995 (Copp 1990a)
Great Ouse Sherington Bridge SP884454 1989 Mann 1995 (Copp 1990a)
Great Ouse Sherington: side channel SP883455 1989 Mann 1995 (Copp 1990a)
Great Ouse Ravenstone: mill stream SP854486 1989 Mann 1995 (Copp 1990a)
Great Ouse Ravenstone: side channel SP855485 1989 Mann 1995 (Copp 1990a)
Great Ouse Radwell Bridge TL005573 1989 Mann 1995 (Copp 1990a)
Great Ouse Bromham Hail TL012510 1989 Mann 1995 (Copp 1990a)
Great Ouse Bedford: Barns Drain TL072486 1989 Mann 1995 (Copp 1990a)
Great Ouse Hillgrounds Paris: side channel TL021476 1989 Mann 1995 (Copp 1990a)
Great Ouse Mill Farm: side channel TLQ80480 1989 Mann 1995 (Copp 1990a)
Great Ouse Great Barford mill stream TL134517 1989 Mann 1995 (Copp 1990a)
Great Ouse Godmanchester (u/s Cookes backwater) TL243710 1989 Mann 1995 (Copp 1990a)
Great Ouse Passenham SP782393 1990 Mann 1995 (Copp 1990b)
Great Ouse Sherrington: side channel SP883455 1990 Mann 1995 (Copp 1990b)
Great Ouse Radwell Bridge TL005573 1990 Mann 1995 (Copp 1990b)
Great Ouse Sham  brook SP990579 1984 Mann 1995 (Unpublished IFE data)
Great Ouse ARC Wildfowl reserve SP840430 1990 on Giles pers com
Great Ouse Newport Pagnell SP877440 1974 Robotham 1977
Gt Ouse Dolphin Meadow TL309714 1995 Brampton (EA)
Gt Ouse Mounthill farm SP763376 1991 Brampton (EA)
Gt Ouse d/s Passenham Weir SP785401 1991 Brampton (EA)
Gt Ouse Manor Farm SP808425 1991 Brampton (EA)
Gt Ouse Newport Pagnell SP882441 1992 Brampton (EA)
Gt Ouse Kcmpston TL023476 1992 Brampton (EA)
Head Dyke Pump Station TF186467 1995 Mann 1995 (NRA Anglian))
Hilton Brook Hilton SK242306 1992 Mann 1995 (NRA Seven Trent)
Hobhole Drain Hcmholme Bridge TF403586 1993 Mann 1995 (NRA Anglian))
Hobbole Drain Kelsey Bridge TF346465 1993 Mann 1995 (NRA Anglian))
Ivei 362 TL154526 1995 Brampton (EA)
Kym Hail Weston (TL170623) 1990 Mann 1995 (Copp 1990b)
Little Ouse Knetti shall Heath TL951809 1996 Brampton (EA)
Little Ouse Ram ham Village TL878800 1996 Brampton (EA)
Little Ouse Nunnery Golf Course TL873815 1996 Brampton (EA)
Little Ouse Hockwold Common TL736873 1993 Brampton (EA)
Lym Mill Bridge TF430641 1993 Mann 1995 (NRA Anglian))
Mease SK235113 1994 Lichfield (EA)
Nar Wormegay High Bridge TF671135 1996 Brampton (EA)
Nar d/s Setchey TF635135 1996 Brampton (EA)
Old West 225 TL396744 1996 Brampton (EA)
Old-West 227 TL418728 1996 Brampton (EA)
Old West 228 TL435724 19% Brampton (EA)
Ouse Whitings stretch (SP805714) 1990 Mann 1995 (Copp 1990b)
Ouse Kempstone: side channel (TL021476) 1990 Mann 1995 (Copp 1990b)
Ouse Hall Green Brook (TL303680) 1990 Mann 1995 (Copp 1990b)
Ouzel Stoke Hammond (SP885364) 1990 Mann 1995 (Copp 1990b)
Ouzel Caidecote: channels (SP885424) 1990 Mann 1995 (Copp 1990b)
Padbury Thorn borough SP729332 1990 Mann 1995 (Copp 1990b)
Padbury or Gaydon Brook Hillfarm SP728285 1994 Brampton (EA)
Penk SJ949221 1993 Lichfield (EA)
Penk SJ949221 1994 Lichfield (EA)
Penk SJ949221 1996 Lichfield (EA)
Penk Atherstone Rattcliffe Bridge SJ915137 1993 Lichfield (EA)
Penk Stafford Radford Bridge SJ938216 1995 Lichfield (EA)
Penk Penkridge-Cuttlestone Bridge SJ915137 1993 Mann 1995 (NRA Seven Trent)
Penk Stafford-Radford Bridge SJ938216 1995 Mann 1995 (NRA Seven Trent)
Reach Lode TL545697 1996 Reynolds, UEA pcrs com
Rhee Wimpole TL333485 1993 Brampton (EA)
Rhee Mai ton Farm TL374483 1993 Brampton (EA)
Rippingdale Running Dyke Dunsby Fen ? 1984 Mann 1995 (NRA Anglian))
River Brant Navenby Road Bridge SK940580 1994 Mann 1995 (NRA Anglian))
Sapiston Micklemere TL937699 1995 Brampton (EA)
Sapiston d/s Bardwell Mill TL933742 1995 Brampton (EA)
Sapiston u/s Second Riffle TL914753 1995 Brampton (EA)
Sapiston d/s Third Riffle TL914758 1995 Brampton (EA)
Sapiston Euston TL889798 1995 Brampton (EA)
Sence SP320996 1996 Lichfield (EA)
Sibsey Trader System TF339597 1990 Mann 1995 (NRA Anglian))
Sibson Brook SK334004 1996 Lichfield (EA)
Sincil Dyke d/s 5 Mile House ? 1982 Mann 1995 (NRA Anglian))
Sincil Dyke Bardney Locks TF105702 1982 Mann 1995 (NRA Anglian))
Skellingthorpe Main Drain Kews Holt SK945740 1994 Mann 1995 (NRA Anglian))
Soar Whetstone SP552985 1993 Mann 1995 (NRA Seven Trent)
Soar Narborough SP541973 1994 Mann 1995 (NRA Seven Trent)
Soar Aylestone SK570001 1995 Mann 1995 (NRA Seven Trent)
Soham Lode Soham Cotes TL576745 1990 Brampton (EA)
South 40 Foot Drain Dowsby Road TF167324 1990 Mann 1995 (NRA Anglian))
South 40 Foot Drain Bicker Fen TF185395 1995 Mann 1995 (NRA Anglian))
Sow Eccleshall SJ831296 1992 Lichfield (EA)
Sow St. Thomas Bridge SJ946228 1992 Lichfield (EA)
Sow Yoxhall Bridge SJ831296 1993 Lichfield (EA)
Sow Eccleshall SJ918233 1993 Lichfield (EA)
Sow Penkridge-Cuttlestone Bridge SJ946228 1995 Lichfield (EA)
Sow Eccleshall SJ831296'- 1993 Mann 1995 (NRA Seven Trent)
Sow St Thomas Bridge SJ946228 1995 Mann 1995 (NRA Seven Trent)
Sow Broad Eye Bridge SJ918233 1993 Mann 1995 (NRA Seven Trent)
Steeping Firsby TF457621 1993 Mann 1995 (NRA Anglian))
Sleeping Relief channel TF488602 1993 Mann 1995 (NRA Anglian))
Steeping Tasco's Bridge TF508599 1993 Mann 1995 (NRA Anglian))
Stringside stream Barton Bendish TF703039 1993 Brampton (EA)
Swaffham Bui beck Lode (TL550640) 1990 Mann 1995 (Copp 1990b)
Thet Snetterton TL994918 1995 Brampton (EA)
Till Broxholme SK903768 1978 Mann 1995 (NRA Anglian))
Till Till Bridge SK907797 1994 M ann 1995 (NRA Anglian))
Till Squires Bridge SK903824 1994 Mann 1995 (NRA Anglian))
Tove Bozenham SP776483 1990 M ann 1995 (Copp 1990b)
Trent Swarkestone SK375283 since 93 Lichfield (EA)
Trent Thrumpton SK510315 since 93 Lichfield (EA)
Trent Stoke Bardolph SK651407 since 93 Lichfield (EA)
Trent South Muskham SK803565 since 93 Lichfield (EA)
Trent Hilton SK131177 1992 Lichfield (EA)
Trent U/S Scotch Brook SJ901334 1995 Lichfield (EA)
Trent Stoke Baidolph SK650405 1995 Mann 1995 (NRA Seven Trent)
Trent Thrumpton SK513317 1994 M ann 1995 (NRA Seven Trent)
Trent South Muskham SK803565 1994 M ann 1995 (NRA Seven Trent)
Trent Swarkestone SK375283 1993 Mann 1995 (NRA Seven Trent)
Trent Ladybay Bridge SK585387 1993 Mann 1995 (NRA Seven Trent)
Trent Shardlow SK447299 1994 Mann 1995 (NRA Seven Trent)
Trent Kings Mills SK417274 1994 Mann 1995 (NRA Seven Trent)
Trent Wiolhorpe Bridge SK805567 1995 Mann 1995 (NRA Seven Trent)
Trent Yoxall Bridge SK131177 1992 Mann 1995 (NRA Seven Trent)
Trent & Mersey CannaJ Twyford SK350290 since 1990 Nottingham (EA)
Watt on Brook d/s Carbrooke TF938020 1990 Brampton (EA)
West French Drain Dovecote TF281528 1990 Mann 1995 (NRA Anglian))
West French Drain Medlam drain TF322539 1993 Mann 1995 (NRA Anglian))
West French Drain Newham drain TF292500 1993 Mann 1995 (NRA Anglian))
Wicken Lode TL565705 1996 Reynolds, UEA pers com
Wissey Bodney Meadows TL831983 1993 Brampton (EA)
Witham 5 Mile House TF059715 1978 Mann 1995 (NRA Anglian))
Witham Greetwell Hall TF015711 1978 Mann 1995 (NRA Anglian))
Witham Anton's Gowt TF301474 1981 Mann 1995 (NRA Anglian))
Witham Dogdyke TF208554 1981 Mann 1995 (NRA Anglian))
Witham T a tiers hall Bridge TF196563 1981 Mann 1995 (NRA Anglian))
Witham Thorpe Tilney TF189589 1981 Mann 1995 (NRA Anglian))
Witham Kirks tead Bridge TF175621 1981 Mann 1995 (NRA Anglian))
Witham Stixwold station TF155655 1981 Mann 1995 (NRA Anglian))
Witham Southrey TF139663 1981 Mann 1995 (NRA Anglian))
Witham Bardncy TF112691 1981 Mann 1995 (NRA Anglian))
Witham Lincoln Power Station SK993714 1981 Mann 1995 (NRA Anglian))
Witham u/s Bardney Bridge TF110614 1994 Mann 1995 (NRA Anglian))
Witham Cherry Willingham 7 1978 Mann 1995 (NRA Anglian))
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SPECIES ACTION PLANS FOR LAMPREYS IN ENGLAND
P eter S Maitland 
Fish Conservation C entre, Gladshot, Haddington, EH41 4NR
INTRODUCTION
This report includes th ree  Species Action Plans each dealing  with one of 
the  th ree  species of lamprey which occur in England - th e  Sea Lam prey 
Petromyzon mar in us, the River Lamprey Lampetra fluviatilis a n d  th e  Brook 
Lamprey Lampetra pJaneri. All th ree  Action Plans a re  v e ry  sim ilar to  each 
o ther. This is because these  lam preys are  very  alike in many ways - 
especially in the ir life h isto ries in fresh  water, where th ey  o ccu p y  sim ilar 
(often the same) hab ita ts for most of their lives (Maitland 1980). Thus, 
factors which have affected one species a re  likely to have a ffec ted  both 
o thers. Similarly, conservation requirem ents to enhance and  re s to re  
populations a re  v e ry  similar for all th ree  species. The larvae  of Lampetra 
fluviatilis and Lampetra planeri a re  indistinguishable from one a n o th e r and 
it may be tha t th is is ju s t  one species with two d ifferent life form s.
’ V
The new conservation obligations to  these  th ree  lampreys have a ris e n  from 
the "Habitats Directive* (1992) which lis ts  all th ree  species in Annex II and 
thus obliges member s ta te s  to (a) designate sites to form p a r t  of th e  
’Natura 2000’ network comprising Special Areas of Conservation (SACs), (b) 
pro tect such sites from deterioration  or d istu rbance  with a  s ig n ifican t 
effect on the n a tu re  conservation in te re s t (and take steps to  c o n se rv e  th a t  
in te rest), and (c) p ro tect th e  species of Community in te re s t l is te d  in th e  
Annexes to the  Directive.
CHARACTERISTICS OF LAMPREYS
The lampreys (family Petromyzonidae) belong to a small bu t im portan t 
group known as Agnatha - litera lly  ’jaw less’ fishes, th e  most p rim itiv e  of 
all living v e rteb ra te  animals. Thus they are  quite d istinc t from  sill th e  
other fish in th e  British Isles which have the ir upper jaw s fixed c losely  to 
the skull and hinged lower jaws which oppose them. The lam preys, in 
con trast, have no lower jaws and th e  mouth is surrounded  by a round  
sucker-like  disc within which, in th e  adults, a re  strong , h o rn y , ra sp in g  
teeth . These v a ry  in shape, size, position and number among th e  species, 
and a re  an im portant aid to identification. Lampreys occur in th e  tem p era te
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zones of both  th e  n o rth e rn  and  so u th e rn  hem ispheres. Fossils are available 
from th e  la te  S ilurian  and Devonian periods, some 450 million years ago.
Lam preys have sev era l o th e r  v e ry  c h a ra c te r is tic  features. They a re  always 
ee l-lik e  in shape , b u t have  n e ith e r  pa ired  fins nor scales. They have no 
bones - all th e  ske le ta l s t ru c tu re s  be ing  made up of strong , b u t flexible, 
ca rtilag e . T here  is only one n o s tril, situated  on top of th e  head, ju s t  in 
f ro n t of th e  eyes - th e  la t te r  r a r e ly  being functional or even visible in 
th e  young. The gills open d irec tly  to  each side of th e  head (i.e. th e re  is 
no gill cover o r operculum ) form ing a row of seven gill pores behind each 
eye. Adult lam preys have two d o rsa l f in s  w hich-are often continuous with 
th e  e longate  ta il fin.
Most species of lam prey have  a similar life cycle, which involves the 
m igration of a d u lts  upstream .; in to  r iv e rs  to  reach the spawning a reas - 
norm ally s to n y  o r g ravelly  s t r e tc h e s  of running  water. There they  spawn 
in p a irs  o r g roups, laying e g g s  in c rude  nests - shallow depressions 
p rev io u s ly  c rea ted  by lifting  aw ay small stones with the ir suckers. These 
s to n e s  su rro u n d  and sometimes co v er and p ro tec t the  eggs, while the nest 
itse lf  may o ften  be u n d e r  ; a la rg e  stone, log or clump of vegetation. 
F req u en tly , how ever, th e  n e s t is  in the open in shallow w ater and the 
spaw ning  a d u lts  a re  v e ry  - v u ln e ra b le  to p redato rs. After hatching, the 
young  e longate  larvae, known as ammocoetes, swim or a re  washed 
dow nstream  by th e  c u r re n t  to  a re a s  of sandy silt in still water where they 
burrow  and  spend  th e  next few  y ears  in tunnels. They a re  blind, the  
s u c k e r  is incom plete and  th e  te e th  a re  undeveloped. These ammocoetes feed 
by c re a tin g  a c u rre n t  which d raw s organic  particles (coated with bacteria) 
and  m inute p lan ts  (such  as diatom s) into the  pharynx. There they  become 
en tw ined  in a slimy mucus s t r in g  which is swallowed by the larva.
The m etam orphosis from la rv a  t o  adult is a dramatic change which takes 
place in a re la tive ly  s h o r t  tim e - usually a few weeks - a fte r several 
y e a rs  of la rv a l developm ent. T he  rim of th e  mouth (previously in th e  form 
of an  o ra l hood) develops in to  a full sucker inside which are  rasping 
te e th ; th e  sk in  becomes much more silvery  and opaque except over the  
e y es  w here  it c lears  to  g ive th e  lam prey p roper vision. The lampreys then  
m igrate , u sua lly  dow nstream  aw ay from th e  n u rse ry  areas.
Some spec ies of lam prey, such  as th e  Brook Lamprey, never feed as adu lts
- a f te r  m etam orphosing th ey  spaw n and then  die - bu t most a re  parasitic
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on. various o ther fish  which they attack , e ith e r in large fre sh w a te r  lakes 
and rivers or in the  sea, where most of the  adu lt life  is sp en t. They 
attach  to the sides of fish and rasp  away the  skin, eating  it and  th e  body 
fluids and muscle underneath . The p rey  may never reco v er from such  an 
attack  (especially if the  body cavity  is penetrated) and in  some w aters, to 
which they have recen tly  gained access, lam preys are se rio u s  p e s ts  of 
commercial fish stocks. The most famous example o f th is  is in th e  Great 
Lakes of North America, where canalisation gave th e  Sea Lam prey access, 
for the  f irs t time, to  th e  upper lakes (Hardisty.-& P o tte r  1971). Various 
commercial fish stocks th e re  became seriously depleted, p a rticu la rly  th e  
American Lake Charr (Salvelinus namaycush), whose populations collapsed 
in a dramatic way. On reaching sexual m aturity, the adult lam preys m igrate 
back to their spawning stream s. All species seem to die a f te r  spaw ning.
DISCUSSION
As noted above, the EC 'H abitats Directive' gives r is e  to c lear obligations 
on the  part of member s ta te s  in relation to all th re e  lam prey species and 
the  production of Species Action Plans is a f ir s t  s tep  in  ind ica ting  how 
English Nature in tends to go about meeting these  obligations.
None of the  th ree  species of lamprey in England is r a r e  o r se riously  
th rea tened  overall. N evertheless, all th re e  have undergone decline over th e  
last cen tu ry  and have disappeared from river system s which they  
previously occupied. There is no com prehensive inform ation on th e ir  
d istribution  (Maitland 1972). Thus action is needed, no t o n ly  to fu lfil legal 
requirem ents, bu t also to take  account of those populations th a t  still ex ist 
and review situations from which they  have d isappeared . C onservation  
measures are needed, not only to fulfil requirem ents in re la tion  to 
European legislation, bu t also to re s to re  their s ta tu s  and th e  b io d iv ersity  
of those riverine  system s in which they  form erly occurred (M aitland & Lyle
1991).
In o rder to fulfil th ese  conservation needs, the  g en era l conserva tion  
requirem ents of all th ree  species in England a re  th e  same:
(a) Detailed information is needed on th e ir s ta tu s  and d is tr ib u tio n . The 
recen t review of the biology, th re a ts  to and conservation of lam preys in 
Switzerland (Kirchhofer 1996) is exactly th e  type  of detailed  review  th a t  is 
needed for England before full conservation measures can b e  in s tig a ted .
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(b) Where conditions have d e te r io ra te d  from those occurring naturally , 
th e re  m ust be im provem ents in w ater qua lity  and habitat, both in those 
r iv e rs  w here  th e  species still occur and  in those previously occupied.
(c) A rtificial b a r r ie rs  (chemical and  physical) to  the  upstream  spawning 
m igrations of all th re e  species should  be removed or means of access 
a ro u n d  them prov ided .
(d) R esto ration  by translocation  of ex tinc t populations should be carried  
ou t in se lec ted  r iv e rs  w here h a b ita t cond itions have been resto red .
(e) In  o rd e r  to  maintain aw areness o f  th e  conservation s ta tu s  of each 
species of lam prey, th e re  is a n e ed  for an ongoing programme of 
m onitoring a t  key  sites . This could  be based  on a five year rolling 
program m e (sim ilar to th a t  u n d e rta k e n  for salmonids) and should involve 
co u n ts  of re la tiv e  num bers of a d u lts  in  s tandard  trap s  (on a CPUE basis) 
and  on th e ir  spaw ning g rounds, as well as absolute counts of larvae in 
n u rs e ry  s ilts . The ro le  of SACs is im portan t here, since these  sites will 
re q u ire  a de ta iled  definition of co nserva tion  s ta tu s  and detailed monitoring 
to  a sc e r ta in  w hether th is  is being m et or not. Among the  proposed SAC 
r iv e r s  in E ngland a re  sev era l which contain  all th ree  lamprey species (e.g. 
th e  R ivers Avon, Derwent, Eden, Tweed and Wye) and th u s  within the  SAC 
system  alone sev era l im portant popu lations will be given considerable 
p ro tec tion .
(f) Much of th e  lack of inform ation and o f action in th e  past has been 
due  to  lack of aw areness, and th u s  a  program m e of publicity and education 
co n cern in g  th e  ecology and  c o n se rv a tio n  of lam preys is im portant.
A lthough th e  Action P lans for th e  th r e e  species of lam preys a re  essentially  
sim ilar to  one an o th e r, th ey  do involve a  wide range of activ ities with 
v a ry in g  in p u t. For example, th e  iden tification  and monitoring of spawning 
g ro u n d s  is som ething which can be c a rr ie d  ou t on a vo lun tary  basis by 
local school, n a tu ra lis ts  o r an g le rs . In  good weather, a t the  r ig h t times of 
y e a r  th e  location of spaw ning g ro u n d s , th e  number of redds, the number 
of lam preys actually  spaw ning and  the species involved can all be 
o b se rv ed  from th e  r iv e r  bank, w ith o u t even  en tering  th e  water. Thus the  
Species Action P lans can be used  to  iden tify  ju s t  what contributions 
in d iv id u a ls  o r o rgan isa tions can m ake to help in securing th e  long term 
co n serv a tio n  of lam preys.
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>' (g) Finally, th e  conservation management of r iv e r system s for lam preys 
(and for o ther native wildlife) should not be solely a m atte r of a tta in in g  
standard ised  measurements of chemical or o ther a ttr ib u te s , b u t  much more 
an attem pt to instigate  long term plans which will re ta in  and  r e s to re  th e  
natural fea tu res and a ttr ib u te s  of each river. Some riv e rs  will n a tu ra lly  
have extensive spawning and n u rse ry  habitat for lam preys and, 
consequently, large populations of all th ree  species. O thers, fo r example 
many highland system s, may have extensive spawning gravels b u t  v ir tu a lly  
no n u rse ry  silts and only Brook Lampreys, or even no lam preys a t  all, 
would occur here. There should be no attem pt in such n a tu ra l sy stem s to 
’improve’ lamprey habitat by c rea ting  silts, thereby  reducing n a tu ra ln e ss  
(Boon et al. 1996), affecting o th er native  species and hab ita ts a n d  red u c in g  
the  natural d iversity  among r iv e r  system s. The p resen t move to w a rd s  r iv e r  
management specifically for salmonid fish has dangers fo r o th e r  na tive  
wildlife (e.g. lampreys, where th e  provision of salmonid spaw ning  g ra v e ls  
destroys ammocoete n u rse ry  silts) and natural habitats, and  m ust be 
clearly seen as ’fishery ' as opposed to  ’conservation’ management.
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Species Action Plan - Sea Lamprey
Petrom yzon marinus
Summary
G reat B ritain  is one of th e  s tro n g h o ld s  of the  Sea Lamprey Petromyzon 
marinus L innaeus 1758, which, th o u g h  ra re  and th rea tened  in some 
European c o u n trie s  and  ex tin c t in o thers , is fairly w idespread in England 
and o th e r p a r ts  of th e  U nited Kingdom and occurs in dozens of rivers 
th e re . I ts  main h a b ita t requ irem en ts- a re , on the one hand, clean areas of 
g rave l in ru n n in g  w ater in which to  spawn and, on the  o ther, deposits of 
sandy  s ilt w ithin which th e  la rv a e  can burrow and spend most of their 
lives. Many populations have  been  lost because of pollution and r iv e r " 
en g in eerin g  w orks and, because  it is anadromous, it (and the  River 
Lam prey) has su ffe red  more th a n  the  Brook Lamprey, which lives only in 
fre sh  w ater. C onservation  action  fo r th e  Sea Lamprey requ ires  (a) fu rth er 
detailed know ledge of its  d is tr ib u tio n , (b) improvement of water quality 
and o th e r h a b ita t req u ire m e n ts  in those riv e rs  from which it has 
d isappeared , (c) th e  rem oval o f any artificial b a rr ie rs  to its spawning 
m igrations, (d) tran s lo ca tio n  back  to  previously occupied riv e rs  to which 
th e re  is no n a tu ra l access  from existing  populations, (e) regu lar monitoring 
of p rio r ity  populations, (f) ra is in g  public aw areness th rough  education and 
public ity , and  (g) a long-te rm  programme of habitat management to resto re  
a s  many r iv e r s  as fa r  a s  possib le  back to the ir original, natural, ’wild’ 
condition.
1. PRIORITY STATEMENT
The Sea Lam prey Petromyzon marinus, though it has declined in some 
p a r ts  of its  E uropean ra n g e  and in p a r ts  of the  British Isles, is still 
common in p a r ts  of E ngland. I t  is listed in the  Bern Convention (Appendix 
III) and  in Annex II of th e  EC Directive on the  Conservation of Natural 
and S em i-na tu ra l H abitats a n d  Wild Fauna and Flora. English Nature 
a tta c h e s  medium p rio r ity  to  conservation  action for th e  Sea Lamprey.
2. ACTION PLAN OBJECTIVES
Objective 1: To obtain further detailed knowledge of the status and 
distribution of the Sea Lamprey throughout England.
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Objective 2: To support the improvement of water quality and other habitat ' 
requirements of the Sea Lamprey in all rivers, including those from which 
it has disappeared, in order to achieve a situation as close as possible to 
that which would have occurred there naturally.
Objective 3: To support the removal of artificial barriers to the spawning 
migration of the Sea Lamprey in English rivers.
Objective 4: To consider re-establishing populations of Sea Lamprey, using 
suitable translocation methods, in selected rivers in which it formerly 
occurred and to which there is no natural access from existing 
populations.
Objective 5: To establish a national monitoring programme for the Sea 
Lamprey.
3. LEGAL STATUS
Petromyzon marinus is listed in Annex II of the EC Directive on th e  
Conservation of Natural and Sem i-natural Habitats and of Wild Fauna and 
Flora as a species of Community in te re s t, whose conservation req u ire s  th e  
designation of Special Areas of Conservation. The Bern Convention on th e  
Conservation on the  Conservation of European Wildlife and N atural H abitats 
lists Petromyzon marinus in Appendix III, which perm its some exploitation 
of its  population. However, th is  species is not listed in the 1981 Wildlife 
and Countryside Act, nor is it considered by Maitland & Lyle (1991) to  be 
in need of special legal conservation m easures in Great Britain, except in 
the case of certain  populations which may have some ind iv iduality  
(Maitland & Lyle 1992). I t  is, however, considered as threatened in Ire land  
and listed in the Irish  Red Data Book (Whilde 1993).
4. BIOLOGICAL ASSESSMENT
4.1 Introduction
The Sea Lamprey is the  la rg est of th e  B ritish lam preys and may reach  a  
length of 100 cm and a weight of 2.5 kg. The normal adult leng th  is 
around 50 cm. I t  is an anadromous species which grows to  m aturity in th e  
seas around Britain and then  m igrates into fresh  water to spawn. I t  
spawns th e re  in clean r iv e rs  and stream s and the larvae send sev era l
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y e a rs  in silt beds before metam orphosing and migrating downstream to the  
sea. The Sea Lam prey has declined in Britain over the  last hundred  years 
and , though  not y e t d is tin c tly  threatened, is in need of conservation 
m easures to  re s to re  populations to th e ir  former sta tu s .
4.2 Ecology
The ammocoete la rv ae  a re  usually  found in silty  sands in running  water. 
Where su itab le  s u b s tra te s  a re  p re sen t they occur in stream s and rivers 
upstream  as fa r  as th e  a d u lts  a re  able to migrate; they are  stopped by 
h igh  w aterfalls or w eirs, dams and severe pollution. The hab ita t occupied 
by th e  larvae  of all lam prey species seems to be very  similar and larval 
Brook, R iver and Sea Lam preys may often be found together a t the same 
s ite s  (Maitland 1980a).
The optimum partic le  size  of th e  beds of sediment in which lamprey occur 
is 0.18-0.38 mm, and to  include clay, silt and sand fractions. Moderate 
sh ad e  (which ap p ea rs  to  be re la ted  to the types of micro-organisms on the 
su rface ) and w ater velocity  (appropriate  to allow the settlem ent of the 
above partic le  sizes) a p p ea r to be important factors connected to the  
su itab ility  of s ite s . Normally, su itab le  sites a re  found only in some p a rts  of 
each r iv e r  system  and in some r iv e rs  there  may be none a t all. In British 
s tream s, most populations occur where th e  average stream  g rad ien ts a re
1.9-5.7 m/km. Lam preys a re  ra re ly  found where g rad ien ts exceed 7.8 m/km. 
Within th e  s tre tc h e s  of su itab le  gradient, adequate sites are  often found in 
conditions of slowing c u rre n t, where deposition of sand and silt occurs 
(e.g . in edd ies, backw aters, behind obstructions or a t the  edges of 
s tre a m s).
Relatively little  is known abou t th e  precise habitats occupied by adu lt Sea 
Lam preys. Most ad u lts  found in fresh  w ater a re  e ither migrating upstream  
to  spaw n o r dy ing  a f te r  spaw ning (Larsen 1980). Habitat seems only to be 
im portan t in rela tion  to  th e ir  ability to  ge t to  the spawning beds. Ju s t 
b efo re  spaw ning th ey  may be found in calmer water above the spawning 
a re a s  or below p ro tec ting  obstructions, etc. The nests a re  normally built in 
a re a s  of flowing shallow w ater among sand and gravel of vary ing  particle 
size.
The Sea Lam prey usually  spaw ns in late May or June  in British rivers, 
when th e  w ater tem p era tu re  reaches a t least 15°C. Normally, males appear
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on the  nesting sites f ir s t  and a re  apparen tly  highly a ttrac tive  to females, 
possibly by the  secretion of an olfactory sex a ttrac tan t.' The num bers of 
eggs produced by the females in some populations averages about 172,000 
per female. The eggs a re  small (0.80-1.25 mm in diameter) and an opaque 
white colour when laid.
After hatching, larvae leave the  n est and d r if t  downstream, d is tr ib u tin g  
them selves among suitable silt beds (Hardisty 1969). The duration  of larval 
life varies but averages about five years. Metamorphosis to th e  ad u lt form 
takes place between Ju ly  and Septem ber and the  process usually  takes a 
few weeks. The time of the main migration downstream varies from r iv e r  to 
riv e r and relatively little  is known about them afte r they reach  the  sea, 
where they have been found in both shallow coastal and deep o ff-sh o re  
w aters. The spawning migration in Great Britain takes place in May and 
June when the  adults s ta r t  to m igrate back into fresh  water.
There is little  evidence for any d ifferences in the  food or feeding hab its  
of the  ammocoete stage of th e  th ree  British species of lamprey. All appear 
to feed from within the ir burrow s on fine particu late  matter, mainly micro­
organisms, desmids and diatoms in particu lar. In* addition, various 
unicellular animals including ciliates, euglenoids and rhizopods have been 
found in ammocoete gu ts in some num bers. The role of de tritu s as food is 
uncertain , bu t large amounts appear to  be eaten during th e  summer 
months. Most of the food taken in by the  larvae comes from th e  superfic ia l 
sedim ents in the  vicinity of the  larval burrow s. The system of ciliated 
tra c ts  in the  pharynx, used as a means of tran sp o rtin g  food on s tra n d s  of 
mucus tow ards the  in testine, is complex.
After metamorphosis and the  downstream migration to th e  sea, the  ad u lts  
feed on fish there , b u t detailed evidence on the ir feeding hab its  is 
fragm entary (except in the  specialised case of the purely fresh w a te r 
populations in North America which have been intensively  studied [Lennon 
1954]). They seem to feed on a wide v a rie ty  of marine and anadrom ous 
fishes, including Sturgeon, Herring, Salmon, Cod and Haddock. Salmon and 
Sea Trout en tering  riv e rs  often bear fresh  scars a ttrib u tab le  to a ttack s  by 
th is species.
The mortality ra te s  in ammocoete populations are  probably ra th e r low and 
consistent th roughout th e  larval period. Apart from the e ffec t of 
fluctuating  physical factors, especially during  the  embryonic period, it is
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known th a t  th e  larvae  a re  eaten  by Eels, sticklebacks and o ther fish as 
well as sev era l d iffe ren t b ird s  (e.g. Herons). Losses may be particu larly  
h igh  du rin g  th e  d isp e rsa l from th e  nest to the  ammocoete silt beds and a 
h igh  m ortality p robab ly  occu rs a t metamorphosis. Only a few parasites 
have  been reco rded  from lam preys and nothing is known about the ir effect 
on th e  host.
T here  a re  a num ber of reco rd s  of b irds and mammals attack ing  adu lt Sea 
Lam preys, especially  a t spaw ning time. The species, though considered a 
p e s t in North America, is commercially important in a number of countries 
in Europe (e.g. Spain and Poland). In these  countries, humans must be 
considered  as th e  most se rious th re a t to  the species in view of these 
f ish e rie s , b u t elsew here pollution and b a rrie rs  to upstream  migration a re  
th e  main problem s.
4.3 D istribution and populations
The Sea Lam prey is a na tive  anadromous species occurring over much of 
th e  A tlantic coastal a rea  of w estern  and northern  Europe (from no rthern  
Norway to th e  w estern  M editerranean) and eastern  North America, and In 
e s tu a r ie s  and easily  accessib le  r iv e rs  in these  regions. In the  British Isles 
it is a b sen t from n o rth e rn  r iv e rs  (i.e. it does not appear to occur north  of 
th e  G reat Glen of Scotland) and has become extinct in a number of 
so u th e rn  ones due to  pollution and engineering barrie rs . There are  several 
landlocked populations in North America but in the British Isles the  only 
s ite  w here th e  species is known to  feed in fresh  water is Loch Lomond.
In  E ngland, th e re  a re  still many populations of Sea Lampreys in th e  larger 
c leaner r iv e rs , though  a num ber of stocks have become extinct in the  past 
because  of pollution and r iv e r  engineering . However, ap art from a s tu d y  in 
1996 (commissioned by English Nature) of lamprey d istribu tion  in a number 
of p r io r ity  r iv e r  system s, th e re  has been no recent su rvey  for th is (or 
o th e r)  lam prey species and detailed d istribution  information on all lam preys 
is u rg e n tly  req u ired .
4.4 Limiting factors
The following limiting fac to rs a re  regarded  as the  most im portant in 
re la tio n  to  th e  success of th is  species in England.
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populations in England. Action: E nglish- Nature, Environment Agency, 
landowners, Department of the  Environment.
Action 2: Work with the Environment Agency to remove all artificial 
barriers to lamprey migration in both those rivers which have populations 
of Sea Lamprey and those which formerly possessed populations.
Priority: high
It is probable th a t artificial b a rrie rs  in r iv e rs  a re  the main obstacle  in 
preventing the spread  of lampreys into all areas which they  form erly 
occupied. Such b a rr ie rs  requ ire  to be identified and may be chemical 
(severe pollution) or physical (weirs, e tc .). The former will d isappear with 
improved water quality, the  la tter may be overcome by complete (or 
partial) removal, or the  installation of suitable fish passes. Clearly if both 
types of b a rrie r a re  p resen t in one riv e r, th e  removal of one is of little  
use without the  removal also of th e  o ther. Action: English Nature, 
Environment Agency, landowners, Department of the Environment.
6.2 Site safeguard , r iv e r  acquisition and management
Action 3: Protect, by SSSI and SAC designation, an adequate range of the 
river systems in which Sea Lampreys still occur, in the context of English 
Nature’s designation policy.
Priority: high
Some of the  sites in which Sea Lampreys occur already have some 
protection (Maitland 1993). As previously recommended by Lyle & Maitland 
(1992), a review of all SSSI sites is needed in o rd er to  make su re  th a t an 
adequate range of sites for th e  Sea Lamprey is given protection within the  
existing series. Selection c rite ria  should include consideration of both 
a ltitude (Maitland 1991) and latitude. Action: English Nature.
Action 4: English Nature and appropriate NGOs should object to any 
development proposals (engineering, agricultural, fisheries, etc.) that may 
adversely affect a site which is important for Sea Lampreys.
Priority: medium
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Given th a t a  la rg e  , p roportion  of th e  life cycle of lampreys is spen t, in 
b u rrow s in silt beds, special a tten tio n  must be paid to these  (not normally 
considered  as im portan t fish  hab ita t), and to  spawning gravels, in any 
considera tion  of th e  impact of a development proposal affecting a river. 
Action: E nglish  N ature, NGOs.
6.3 S p ecies  management, protection and licensing
Action 5: English Nature should ensure that, as far as possible, lamprey 
stocks are fully protected in priority rivers.
Priority: high
Lam preys a re  ra re ly  g iven consideration in the plans drawn up for fishery  
management b u t im portant s ite s  (Maitland 1985) and hab itats (Maitland 
1992) both need pro tection . T here is thus a need to develop and 
in co rp o ra te  m anagement guidelines for lam preys in such plans. Action: 
English  N ature, Environm ent Agency.
Action 6: Consideration should be given to restocking those river systems 
where Sea Lampreys are known to have occurred previously and where 
conditions are again deemed to be suitable.
Priority: medium
If it is c lear th a t  th e  causes of extinction of previous populations have 
now been rem oved and th a t it is unlikely th a t populations could be 
re s to re d  n a tu ra lly  from elsew here in the  river network, then  it may be 
sensib le  to  consider re s to rin g  populations of Sea Lampreys. Action: English 
N ature, E nvironm ent Agency.
6.4 A dvisory
Action 7: Promote a better understanding of Sea Lampreys and their 
requirements among the public, especially anglers.
Priority: medium
A lthough th e  Sea Lamprey is a parasitic species, th e re  is no evidence of 
any  s ig n ific an t damage to  native  fish stocks in Europe. Moreover, it is
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beneficial to the ecology of rivers , both in helping to s ta b ilise  and ae ra te  
silt beds and in providing food for a range of o th er wildlife- Action: 
English Nature, Environment Agency, NGOs.
6.5 International
Action 8: Promote European cooperation on research, survey and 
conservation of the Sea Lamprey.
Priority: high
Britain has an im portant role to play in the conserva tion  of th e  Sea 
Lamprey in Europe and it is essen tia l th a t a coordinated ap p ro ach  is taken  
across its area of d istribu tion . Action: English Nature, JNCC.
6.6 F u tu re  research  and monitoring
Action 9: Give support to survey work to establish in detail the current 
status and distribution of the Sea lamprey in England.
Priority: high
I t  is some time since th e  detailed d istribu tion  of th is  species was stud ied  
in the  British Isles (Maitland 1972). It is of obvious im portance  to 
understand  the  p resen t s ta tu s  as a basis for any  fu tu re  co n serv a tio n  
s tra teg y . Action: English Nature, Environm ent Agency, JNCC, NERC.
Action 10: Give support to research on the ecology of this speciesf 
especially factors affecting larval and adult migration.
Priority: high
There have been relatively  few stud ies of th is  species in  G reat B ritain  
(e.g. Hardisty 1969, H ardisty & P o tter 1971) and fu rth e r  work is needed , 
especially on larval hab itat and fac to rs affecting both juven ile  and  a d u lt 
migrations. Action: English Nature, Environm ent Agency, NERC.
Action 11: A long-term monitoring programme should be implemented.
Priority: high
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I t  is e ssen tia l to  e s ta b lish  baseline  d a ta  in a number of key riv e r system s 
so th a t  th e  s ta tu s  of th is  species in England can be followed in a 
sc ien tific  m anner, u s in g  a 5 -y ea r ro lling  programme. S tandard  techniques 
fo r th is  species a re  available (M aitland 1980b, Schonnoord & Maitland 1983, 
M orris & Maitland 1987) and th e se  d iffer from those of normal fish 
su rv e y s . Action: E nglish  N ature, E nvironm ent Agency.
6.7 Communications and pu b licity
-Action—12:—Prom otean understanding of lampreys and their conservation 
requirements among the general public - especially~anglers7~
Priority: medium
T here  is a g en era l lack of u n d e rs ta n d in g  of lam preys among the  general 
public, p e rh ap s  especially  among a n g le rs  and landowners, many of whom 
re g a rd  all lam preys as p e s t sp e c ie s . Action: English Nature, Environment 
Agency, NGOs.
7. ACTION PLAN REVIEW
This Action P lan should  be rev iew ed  and revised every  five years from its 
inception.
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Species Action Plan - R iver Lamprey
Lampetra f lu v ia t il is
Summary
Great Britain is one of the  strongholds of t h e  European River Lamprey 
Lampetra fluviatilis (Linnaeus 1758), which, th o u g h  ra re  and th rea ten ed  in 
some European countries, is fairly  widespread in  England and o th er p a rts  
of th e  United Kingdom and occurs in dozens of stream s th e re . I ts  main 
hab ita t requirem ents are, on th e  one hand, clean a re a s  of g ravel in 
running  water in which to spawn and, on the o th e r , deposits of sandy  silt 
within which the  larvae can burrow  and spend  most of th e ir  lives. Many 
populations have been lost because of pollution and r iv e r  eng ineering  
works, and, since it is anadromous, because of b a rr ie rs  on th e ir  migration 
rou tes. Conservation action for th e  River Lam prey re q u ire s  (a) fu r th e r  
detailed knowledge of its d istribu tion , (b) im provem ent of w ater quality  
and other hab itat requirem ents in those r iv e r s  from which it has 
disappeared, (c) the  removal of any artificial b a rr ie rs  to its  spaw ning 
migrations, (d) translocation back to previously  occupied r iv e rs  to which 
th e re  is no natural access from existing populations, (e) reg u la r m onitoring 
of p rio rity  populations, (f) raising  public aw areness th ro u g h  education and 
publicity, and (g) a long-term  programme of h a b ita t management to re s to re  
as many riv ers  as far as possible back to  th e ir  original, n a tu ra l, ’wild’ 
condition.
1. PRIORITY STATEMENT
The River Lamprey Lampetra fluviatilis, though i t  has declined in some 
p a rts  of its European range (Maitland 1980a) and in p a r ts  of th e  B ritish 
Isles, is still common in many places in England. I t  is lis ted  in th e  Bern 
Convention (Appendix III) and in Annexes II and V of th e  EC D irective on 
the  Conservation of Natural and Sem i-natural H abitats and Wild Fauna and 
Flora. English Nature a ttaches medium p rio rity  to conservation  action fo r 
th e  River Lamprey.
2. ACTION PLAN OBJECTIVES
Objective 1: To obtain further detailed knowledge of the status and 
distribution of the River Lamprey throughout England.
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Objective 2: To support the .improvement of water quality and other habitat 
requirements of the River Lamprey in all rivers, including those from 
which it has disappeared, in order to achieve a situation as close as 
possible to that which would have occurred there naturally.
Objective 3: To support the removal of artificial barriers to the spawning 
migration of the River Lamprey in English rivers.
Objective 4: To re-establish populations of River Lamprey, using suitable 
—translocation methods, in those rivers in which it formerly occurred and to 
which there is no naturaTaccess~from~existing-populations._
Objective 5: To establish a national monitoring programme for the River 
Lamprey.
3. LEGAL STATUS
Lampetra fluviatilis is listed  in Annexes II an d  V of the EC Directive on 
th e  C onservation  of N atural and Sem i-natural H abitats and of Wild Fauna 
and  Flora as a species of Community in te re s t, whose conservation requ ires 
th e  designation  of Special Areas of C onservation . The Bern Convention on 
th e  C onservation on th e  C onservation of E uropean Wildlife and Natural 
H abitats lis ts  Lampetra fluviatilis in A ppendix III, which perm its some 
exploitation of its  population. However, th is  species is not listed  in the  
1981 Wildlife and C ountryside Act, nor is it considered  by Maitland & Lyle 
(1991) to  be in need of special co nserva tion  measures in Great Britain, 
excep t in th e  case  of one un ique population in Loch Lomond (Maitland & 
Lyle 1991, Maitland et aL 1994). I t  is, how ever, considered as th rea tened  in 
Ire lan d  and lis ted  in th e  Ir ish  Red Data Book (Whilde 1993).
4. BIOLOGICAL ASSESSMENT
4.1 In tro d u c tio n
Of th e  th re e  B ritish  lam preys, th e  River Lam prey is interm ediate in size 
betw een th e  la rg e  Sea Lamprey and th e  sm all Brook Lamprey. The average 
a d u lt len g th  is  a round  30 cm with a  co rrespond ing  weight of some 60 gm, 
b u t specim ens over 40 cm can be found a n d  th e  unusual race in Loch 
Lomond (see below) is often  less th a n  20 cm . It is an anadrom ous species 
which grow s to  m atu rity  in e s tu a r ie s  a ro u n d  Britain and th en  m igrates into
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fresh  water to spawn. I t  spaw ns th e re  in clean r iv e rs  and  stream s and th e  
larvae send several y ears  in silt beds before m etam orphosing and 
migrating downstream to estuaries . The River Lam prey has declined in 
Britain over the  last hundred  y ears  and, though  not y e t d istinc tly  
threatened, is in need of conservation m easures to r e s to r e  populations to  
the ir former sta tus . The population in Loch Lomond (Maitland 1980b) 
appears to be unique in the  United Kingdom in term s of both its  
morphology and life h isto ry  (adults do not go to t h e  e s tu a ry  b u t feed 
entirely  in fresh  water) and w arran ts conservation s ta tu s  because of th is .
4.2 Ecology
Spawning in British r iv e rs  s ta r ts  when the w ater tem p era tu re  reaches 10- 
11°C, usually in March and April (Hardisty & Potter 1971). The spaw ning 
grounds a re  areas of small stones and gravel in flow ing w ater where 
c u rre n t is p resen t but not too strong . Very ch arac te ris tica lly  th ey  spawn 
a t the lower ends of pools ju s t  where the  water is s ta r t in g  to  break up 
into a riffle. Nesting and spawning behaviour have been d escrib ed  in some 
detail (e.g. Hagelin 1959) and is usually  a  communal a ffa ir , sometimes along 
with Lampetra planeri in th e  same n est (Huggins & Thom pson 1970). The 
nest, which may be constructed  by up to a dozen o r  more ad u lts , is 
normally an oval depression about 30-70 cm across and 2-10 cm deep. The 
females a re  very  fecund with an average  of 16,000 e g g s  p e r indiv idual 
(Hardisty 1964).
After hatching, young larvae move out of the n est and  re d is tr ib u te  
them selves by drifting  downstream and burrow ing in su itab le  silt beds. 
The optimum particle size of the beds of sediment in w hich  lam prey occur 
is 0.18-0.38 mm, and includes clay, silt and sand frac tio n s . M oderate shade 
(which appears to be rela ted  to the  types of m icro-organism s on th e  
surface) and water velocity (appropria te  to allow the se ttlem en t of th e  
above particle sizes) appear to be im portant factors connec ted  to th e  
suitability  of sites. Normally, su itab le  s ites  are  found only in some p a r ts  of 
each r iv e r system  and in some r iv e rs  th e re  may be none a t  all. In  B ritish  
stream s, most populations occur where th e  average  stream  g ra d ie n ts  a re
1.9-5.7 m/km. Lampreys a re  ra re ly  found where grad ien ts exceed 7.8 m/km. 
Within the  s tre tch es  of su itab le  g rad ien t, adequate sites ax e  o ften  found in 
conditions of slowing c u rre n t, where deposition of sand and s ilt o ccu rs  
(e.g. in eddies, backw aters, behind obstructions or a t  th e  ed g es of 
stream s).
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T here  is little  ev idence  for any  d iffe ren ces  in  th e  food or^ feeding habits 
of th e  ammocoete s ta g e  of th e  th re e  B ritish  species of lamprey. All appear 
to  feed from w ithin th e ir  burrow s on fine  p a rticu la te  matter, mainly micro­
organism s, desm ids and diatom s in p a rticu la r. In  addition, various 
un ice llu lar anim als including  ciliates, eug leno ids and rhizopods have been 
found in ammocoete g u ts  in some num bers. The role of d e tritu s  as food is 
u n certa in , b u t la rg e  am ounts a p p ea r to  be eaten during th e  summer 
m onths. Most of th e  food tak en  in by th e  la rv ae  comes from the  superficial 
sedim ents in th e  v ic in ity  of th e  la rv a l bu rrow s. The system of ciliated 
t r a c ts  in th e  pharynx , used  as a means of tra n sp o rtin g  food on s tra n d s  of 
m ucus tow ards th e  in te s tin e, is complex.
The m ortality  ra te s  in ammocoete p o p u la tio n s a re  probably ra th e r  low and 
co n sis ten t th ro u g h o u t th e  la rv a l p e rio d . Apart from the effect of 
flu c tu a tin g  physical fac to rs , especially  d u rin g  th e  embryonic period, it is 
known th a t  th e  larvae  a re  ea ten  by Eels, sticklebacks and o ther fish as 
well as  sev era l d iffe ren t b ird s  (e.g. H erons). Losses may be particu larly  
h igh  d u rin g  th e  d isp e rsa l from th e  n e s t to  the ammocoete silt beds and a 
h igh  m ortality p robab ly  occu rs a t  metam orphosis. Only a few parasites 
have  been reco rd ed  from lam preys and  no th ing  is known about th e ir effect 
on th e  host.
The len g th  of la rv a l life has been  estim ated  a s  3-5 years, bu t usually 4 
y e a rs  (H ardisty  & Huggins 1970), D ifferences are probably due to 
v a ria tio n s  in local tem p era tu res  and  o th e r  site factors. Metamorphosis takes 
place betw een Ju ly  and Septem ber (H ard isty  1961) a fte r which the  young 
River Lam preys can still burrow  b u t th e i r  main purpose seems to be to 
descend  dow nstream  to th e  sea. The downstream  migration appears to 
o ccu r d u rin g  d a rk n e ss  and  its  tim ing is  highly variable, usually between 
March and Ju n e , b u t may be as la te  a s  October (Potter & Huggins 1973, 
Bird & P o tte r  1979). Lampetra fluviatilis does not feed during  th is 
m igration.
As in o th e r lam preys, th e  main food of th e  larvae is fine particu la te  
m atter, mainly m icro-organism s such  a s  desmids and diatoms. The ciliary 
mechanism and  th e  mucus th re a d s  involved  in  the  collection of th is  food 
form a  complex, b u t v e ry  e ffic ien t feed ing  mechanism. Most of th e  food 
tak e n  in by la rv ae  seems to  come from  th e  superficial sedim ents in the  
v ic in ity  of th e ir  burrow s. In  th e  e s tu a r ie s  of major r iv e rs  they  can be 
found in some num bers and  th e y  sp e n d  1-2 years here  feeding on a
-  22 -
varie ty  of estuarine  fish; bu t particu larly  Herring, S prat a n d  F lounders. 
They often inflict extensive damage on these  hosts by ra sp in g  away large  
amounts of flesh from the back. The lampreys them selves have  a  v e ry  
bloated appearance due to the  e n tire  g u t being full of blood and fish 
flesh. In purely  freshw ater populations, the  main prey sp ec ie s  a re  Powan, 
Vendace and Salmon.
The spawning migration back into fre sh  w ater takes place betw een  A ugust 
and October, b u t its timing appears to  v a ry  widely from r iv e r  to r iv e r  and 
may take place over a long period in any  one system.
4.3 D istribution and populations
River Lampreys a re  found only in w estern  Europe where th e y  ran g e  from 
southern  Norway to the w estern  M editerranean in coastal w aters and 
estuaries and in accessible riv e rs . The species is mainly anadrom ous b u t 
th e re  a re  a few land-locked non-m igratory populations iso lated  from th e  
sea in Finland, Russia and in Scotland.
The ammocoetes of River Lampreys occur in silt beds in many r iv e r s  in th e  
British Isles from the Great Glen southw ards. They a re  a b s e n t  from a 
number of r iv e rs  because of pollution or obstacles which th e  a d u lts  canno t 
surm ount during  the  spawning m igration - these  may be n a tu ra l w aterfalls 
or artificial dams, etc. River Lampreys often occur in association  with th e  
o ther two B ritish lampreys bu t occasionally (e.g. as in one sm all stream  in 
the English Lake District) they  may, fo r reasons unknown, o c c u r as p u re  
populations.
In England little  recen t detailed information on its  d is tr ib u tio n  has been 
recorded since th e  1970s (Maitland 1969, 1972), a p a rt from a s tu d y  in 1996 
(commissioned by English Nature) of lamprey d istribution  in a  num ber of 
p rio rity  r iv e r system s. This is one of severa l fish species which w a rra n ts  
national su rvey .
4.4 Limiting fac to rs
The following limiting fac to rs a re  reg a rd ed  as th e  most im p o rtan t in 
relation to the  success of th is species in England.
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4.4.1 Pollution Importance: locally high
B ecause most pollu ting e fflu en ts  a re  directed into running  w aters (and so 
to  th e  sea), many r iv e rs  became g ro ss ly  polluted in th e  past and lost their 
popu lations of lam preys, which cure almost en tirely  riverine  animals. In 
add ition  to  d irec t toxic e ffec ts , pollu tion  can have a major impact on 
lam prey populations by sm othering  both spawning gravels and n u rse ry  
s ilts .
The m igrations of anadrom ous sp e c ie s  such as River Lampreys a re  
especially  a ffec ted  by pollution b a r r ie r s  in such system s considerable" 
m igrations a re  o ften  n e ce ssa ry  from th e  estu ary  to the  spawning grounds. 
One extrem e belt of pollution betw een  these  two hab itats in a riv e r can 
have  a m ajor e ffec t on lam prey popu lations in th a t system.
4.4.2 R iver e n g in eerin g  Importance: locally high
In  a  sim ilar way to  pollution b a r r ie r s ,  engineering works of various kinds 
(dams, w eirs, e tc .) can be o b stac les  to upstream  migration and affect the 
su c ce ss  of local populations of lam preys. -
C hannelisation  can also be v e ry  dam aging to lampreys, mainly through 
d e s tru c tio n  of th e ir  h ab ita t. The rem oval of areas of riffle  and associated 
spaw ning  g rav e ls  on th e  one hand , and the dredging of essen tia l n u rse ry  
s i l t  beds on th e  o th er, may e n tire ly  eliminate lam preys from a river 
system .
4.4.3 O ther fa c to rs  Importance: locally high
Both w ater a b s tra c tio n  and land d ra in a g e  (Maitland et al. 1990) a re  likely 
to  have  sim ilar negative  e ffe c ts  on lam prey populations leading to unstable 
h a b ita ts  with v a riab le  w ater levels which flood and d is tu rb  both spawning 
g ra v e ls  and  n u rs e ry  s ilts  a t  some tim es but leave them high and d ry  a t 
o th e rs . Very h igh  o r low n a tu ra l flow s will, of course, create  the  same 
problem s.
E u tro p h ica tio n  ac ts  in a sim ilar way to  some other forms of pollution 
(M aitland 1984): th e  algal and  b a c te ria l production resu lting  from increased 
n u tr ie n ts  sm others both th e  spaw ning  su b s tra te  (preventing  spawning or 
k illing  eggs) and  th e  n u rs e ry  s u b s tr a te ,  creating  anoxic conditions there .
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Fishery management for one particu lar group may adverse ly  a ffe c t o th e r  
fish and wildlife and th e ir hab ita t. For example, action aimed a t  im proving 
conditions for salmonids (e.g. d redging  of ammocoete s ilts  o r th e  p rov ision  
of fish passes only surm ountable by salmonids) may be d e trim en ta l to 
lampreys.
5. RESUME OF CONSERVATION ACTION TO DATE
5.1 General
It appears th a t th e re  has been no conservation action aimed specifica lly  a t  
the  River Lamprey in England o ther than  the  general a ttem pts to  ra ise  th e  
profile of the  conservation of all fish species in the B ritish  Isles (Maitland 
1974, 1979, 1989, 1991a,' Maitland & Lyle 1991, 1992) and the  re c e n t re p o r t  
to JNCC identifying - im portant s ites for th is species in G reat B ritain  
(Maitland 1993, 1995).
5.2 Priority s ites
Because there  is inadequate information on the  s ta tu s  of th e  R iver 
Lamprey in some areas, it is not possible to be categoric  a b o u t th e  
identification of all im portant s ite s  for th is  species. However, b a sed  on 
existing information, the following r iv e rs  in England, w hich have  
populations of River Lamprey, have a lready  been proposed as SACs: R 
Avon (Hants.), R Derwent (Cumbria), R Eden (Cumbria), R Tweed and R 
Wye. In addition to these, Maitland (1993) proposed several o th e r  w a te rs  as 
im portant for th is  species (e.g. R Beela, R Coquet, R Chew, R D erw ent 
(Trent), R Eden, Great Eau, Gualin NNR, R Idle, R Lune, R Severn, R Teme, 
R Test, R Thames, R Wharfe, R W indrush, Cors Geirch NNR, C raig  Cerig 
Gleisiad NNR, R Dyfi, Gualin NNR, R Rheidol, R Tywi, R Usk).
6. PROPOSED ACTION BY ENGLISH NATURE
6.1 Policy and legislation
Action 1: Work with the Environment Agency to sustain or improve natural 
water and habitat quality in both those rivers which have populations of 
River Lamprey and those which formerly possessed populations.
Priority: high
- 25 -
I t  is believed th a t  r iv e r  pollu tion  and habitat destruction  th rough  
en g in eerin g  w orks a re  th e  main reasons fo r the loss of lamprey 
populations in E ngland. Action: English Nature, Environment Agency, 
landow ners. D epartm ent of th e  E nvironm ent.
Action 2: Work with the Environment Agency to remove all artificial 
barriers to lamprey migration in both those rivers which have populations 
of River Lamprey and those which formerly possessed populations.
Priority: high
I t  is p robab le  th a t  a rtif ic ia l b a r r ie r s  in rivers a re  th e  main obstacle in 
p rev e n tin g  th e  sp re ad  of lam preys into all a reas which they formerly 
occupied . Such b a r r ie rs  r e q u ir e  to  be identified and may be chemical 
(sev e re  pollution) o r physical (w eirs, e tc .). The former will disappear with 
im proved w ater quality , th e  la t te r  may be overcome by complete (or 
p a rtia l)  rem oval, o r  th e  in sta lla tion  of suitable fish passes. Clearly if both 
ty p e s  of b a rr ie r  a re  p re s e n t in  one r iv e r , th e  removal of one is of little 
u se  w ithout th e  rem oval a lso  of th e  other. Action: English Nature, 
E nvironm ent Agency, landow ners. Department of the Environment.
6.2 S ite  sa fegu ard , r iv er  acq u isition  and management
Action 3: Protect, by SSSI and SAC designation, an adequate range of the 
river systems in which River Lampreys still occur, in the context of 
English Nature's designation policy.
Priority: high
Some s ite s  in which R iver Lam preys occur a lready  have protection 
(M aitland 1993). As recom m ended by Lyle & Maitland (1992), a review of all 
SSSIs is needed in o rd e r  to  make su re  th a t an adequate range is given 
p ro tec tion  w ithin th e  e x is tin g  se ries . Selection c rite ria  should include both 
a ltitu d e  (Maitland 1991b) an d  latitude. Action: English Nature.
Action 4: English Nature should object to any development proposals 
(engineering, agricultural, fisheries, etc) that may adversely affect a site 
which is important for River Lampreys.
Priority: medium
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Given th a t a large  proportion of th e  life cycle of lam preys is spend  in 
burrow s in silt beds, special a tten tion  must be paid to  th e se  (not normally 
considered as important fish  hab itat), and  to spawning g rav e ls , in any  
consideration of the impact of a development proposal a ffe c tin g  a r iv e r . 
Action: English Nature, NGOs.
6.3 Species management, protection and licensing
Action 5: English Nature should ensure that, as far as possible, lamprey 
stocks are fully protected in priority rivers.
Priority: high
Lampreys a re  rare ly  given consideration in the  plans drawn" up fo r f ish e ry  
management bu t important s ites (Maitland 1985) and - h a b ita ts  (Maitland 
1992) both need protection. T here is th u s  a need to  develop and 
incorporate management guidelines for lam preys in such plans. Action: 
English Nature, Environment Agency.
Action 6: Consideration should be given to restocking selected river 
systems where River Lampreys are known to have occurred previously and 
where conditions are again deemed to be suitable.
Priority: medium
If it is clear th a t the  causes of extinction of previous popu lations have 
now been removed and th a t it is unlikely th a t populations could be 
resto red  naturally  from elsew here in th e  r iv e r  network, th e n  it may be 
sensible to consider resto ring  populations of River Lam preys. Action: 
English Nature, Environment Agency.
6.4 Advisory
Action 7: Promote a better understanding of River Lampreys and their 
requirements among the public, especially anglers.
Priority: medium
It is worth emphasising here  th a t, a lthough  the  River L am prey is a 
parasitic  species, th e re  is no indication th a t i t  is a th rea t to a n y  f ish e ry .
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I t  is beneficial to  th e  ecology .or r iv e r s ,  both in helping to stabilise  and 
a e ra te  s ilt beds and  in p rov id ing  food for a range of o ther wildlife, 
especially  v a rio u s r iv e r in e  b ird s  a n d  mammals. Action: English Nature, 
Environm ent Agency, NGOs.
6.5 International
Action 8: Promote European cooperation on research, survey and 
conservation of the River Lamprey.
Priority: high
B ritain has an im portan t ro le  to  play in  th e  conservation of River Lamprey 
in E urope and it is  e ssen tia l th a t a coordinated approach is taken across 
i ts  a rea  of d is tr ib u tio n . .Action: E ng lish  Nature, JNCC.
6.6 Future research  and m onitoring
Action 9: Give support to survey work to establish in detail the current 
status and distribution of the River lamprey in England.
Priority: high
T here  is little  re c e n t detailed  inform ation on its d istribu tion  and th is is 
one of sev e ra l spec ies which w a rra n ts  national su rvey . I t  is of obvious 
im portance to  u n d e rs ta n d  fu lly  th e  p resen t s ta tu s of th is species as a 
b asis  fo r any  fu tu re  co nserva tion  management s tra teg y . Action: English 
N ature, E nvironm ent Agency, JNCC, NERC.
Action 10: Give support to research on the ecology of this species, 
especially factors affecting larval and adult migration.
Priority: high
T here  have  been  re la tiv e ly  few s tu d ie s  of th e  ecology of th is species in 
G reat B ritain  (e.g. H uggins & Thompson 1970, Maitland 1980a, 1980b, 
Maitland et al. 1984) and  v a lu ab le  work rem ains to be carried  out, 
especially  on la rv a l h a b ita t  and  factors affecting juvenile  and adult 
m igration. Action: E nglish N ature, Environm ent Agency, NERC.
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Action 11: A long-term monitoring programme should be. planned and 
implemented.
Priority: high
There is no c u rre n t provision for su rv ey  and monitoring of th is  species. 
Ideally, several of the  most im portant populations should be m onitored  
using standard  trapp ing  and electrofishing methods. I t  is e sse n tia l to 
establish baseline data in a number of key r iv e r system s so th a t  th e  
s ta tu s  of th is species in England can be followed in a scien tific  m anner, 
using a 5-year rolling programme. S tandard techniques for th is  spec ies a re  
available (Maitland 1980c, Schoonoord & Maitland 1983, Morris & M aitland 
1987) and these  differ from those of normal fish su rveys. Action: E nglish  
Nature, Environment Agency.
6.7 Communications and publicity
Action 12: Promote an understanding of lampreys and their conservation 
requirements among the general public - especially anglers.
Priority: medium
There is a general lack of understand ing  of lampreys among th e  g e n e ra l 
public, perhaps especially among ang lers and landowners, many of whom 
regard  all lampreys as pest species. Action: English Nature, E nvironm ent 
Agency, NGOs.
7. ACTION PLAN REVIEW
This Action Plan should be reviewed and rev ised  every  five y e a rs  from its  
inception.
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Species Action Plan  - Brook Lamprey
Lam petra planeri
Summary
G reat B rita in  is one of th e  s tro n g h o ld s  of the European Brook Lamprey 
Lampetra planeri (Bloch 1784), w hich, though  ra re  and th rea tened  in some 
E uropean  countries,- is fa irly  w idespread  in England and o ther p a rts  of the 
United Kingdom and occu rs in h u n d re d s  of stream s there . I ts  main habitat 
req u irem en ts  a re , on th e  one hand , clean areas of g ravel in running  water 
in which to  spaw n and , on th e  o th e r , deposits of sandy silt within which 
th e  la rv ae  can burrow  and sp e n d  most of th e ir lives. Although many 
populations have  been lo st because  of pollution and riv e r engineering 
w orks, because  it is a pu re ly  f re sh w a te r  species, it has suffered  less in 
th e  p a s t th an  e ith e r  of th e  o th e r  two native lampreys, both of which 
re q u ire  access  to  and  from th e  sea. Conservation action for the  Brook 
Lam prey re q u ire s  (a) f u r th e r  deta iled  knowledge of its d istribution , (b) 
im provem ent of w ater qua lity  an d  o th e r hab ita t requirem ents in those 
r iv e r s  from which it  has d isap p ea red , (c) th e  removal of any artificial 
b a r r ie r s  to  its  spaw ning m igrations, (d) translocation back to previously 
occupied r iv e r s  to  which th e r e  is  no natu ra l access from existing 
popu lations, (e) re g u la r  m onitoring of p rio rity  populations, (f) raising 
pub lic  aw areness th ro u g h  educa tion  and publicity, and (g) a long-term  
program m e of h a b ita t m anagem ent to  res to re  as many rivers  as far as 
possib le  back to  th e ir  o rig inal, n a tu ra l, 'wild* condition.
1. PRIORITY STATEMENT
The Brook Lam prey Lampetra planer/, though it has declined in some p a rts  
of its  E uropean  ran g e  and in p a r ts  of the British Isles, is still common in 
many p a r ts  of E ngland. I t  is lis ted  in the Bern Convention (Appendix III) 
and  in Annex II of th e  EC D irective on th e  Conservation of Natural and 
S em i-na tu ra l H abitats and  Wild Fauna and Flora. English Nature attaches 
medium p rio r ity  to  co n se rv a tio n  action for th e  Brook Lamprey.
2. ACTION PLAN OBJECTIVES
Objective 1: To obtain further detailed knowledge of the status and 
distribution of the Brook Lamprey throughout England.
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Objective 2: To support the improvement of water quality and other habitat 
requirements of the Brook Lamprey in all rivers, including those from 
which it has disappeared, in order to achieve a situation as close as 
possible to that which would have occurred there naturally.
Objective 3: To support the removal of artificial barriers to the spawning 
migration of the Brook Lamprey in English rivers.
Objective 4: To re-establish populations of Brook Lampreyr using suitable 
translocation methods, in those rivers in which it formerly occurred and to 
which there is no natural access from existing populations.
Objective 5: To establish a national monitoring programme for the Sea 
Lamprey.
3. LEGAL STATUS
Lampetra planeri is listed in Annex II of the  EC D irec tive  on the  
Conservation of Natural and Sem i-natural. Habitats and of Wild Fauna and 
Flora as a species of Community in te res t, whose conservation  re q u ire s  the  
designation of Special Areas of Conservation. The Bern C onvention on the  
Conservation on th e  Conservation of European Wildlife and N atural H abitats 
lis ts  Lampetra planeri in Appendix III, which permits some exploitation of 
its population. However, th is species is not listed in the 1981 Wildlife and 
Countryside Act, nor is it considered by Maitland & Lyle (1991) to  be in 
need of special legal conservation m easures in Great B ritain , excep t in th e  
case of certain  isolated populations which may have some ind iv idua lity  
(Maitland & Lyle 1992). I t  is, however, considered as th re a te n e d  in Ire land  
and listed in the  Irish  Red Data Book (Whilde 1993).
4. BIOLOGICAL ASSESSMENT
4.1 Introduction
The Brook Lamprey is the smallest of th e  B ritish  lampreys a n d  m atures a t  
a length of some 13-15 cm. Some populations a re  known w here  th e  ad u lts  
may be much smaller than  th is, e.g. on Skye adu lts spaw ning in th e  small 
b u rn s there  may be less than  10 cm, and a t some sites th ey  may be 
larger. For instance in th e  River Endrick which flows into Loch Lomond 
adu lts may reach 16 cm and occasionally- even 17 cm in len g th . I t  is a
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pu re ly  fre sh w a te r  species which grow s to  m aturity in silt beds and then 
m etam orphoses and  m igrates upstream  to  i t s  spawning grounds. The Brook 
Lam prey has declined in  B ritain o v er th e  last hundred  years and, though 
no t y e t d is tin c tly  th re a te n e d , is in n eed  of conservation measures to 
re s to re  populations to  th e ir  form er s ta tu s .
The larvae  of th is  species a re  v irtu a lly  ind istingu ishab le  from those of the 
R iver Lam prey excep t when nearin g  m etamorphosis. Indeed these two 
lam preys form a v e ry  close pa ir (H ard isty  & Potter 1971, Bird & Potter 
1979, M orris 1989) and  a re  considered  b y  some to be a single species with 
two life form s.
4.2 Ecology
The ammocoete larvae  of Lampetra planeru like those of o ther lampreys, 
occu r in su itab le  silt beds, mainly in ru n n in g  water b u t sometimes in large 
num bers in s il t  banks in la rge  lakes (Maitland 1980a). L arge ' larvae can be 
found in co n sid erab le  num bers in Loch Ness for instance. The Brook 
Lam prey is th e  most ab u n d an t and  w idespread  of the  B ritish  lampreys and 
is o ften  found in th e  absence  of th e  o th e r  two species, for example above 
a  pollution o r physical b a rr ie r  w hich p reven ts  the  anadromous species 
reach ing  th a t  p a r t  of th e  r iv e r .
The optimum p a rtic le  size of th e  beds of sedim ent in which lamprey occur 
is 0.18-0.38 mm, and  to  include c lay , silt and sand fractions. Moderate 
sh ad e  (which a p p e a rs  to  be re la ted  to  the types of m icro-organism s on th e  
su rface ) and w ater velocity  (ap p ro p ria te  to allow th e  settlem ent of the  
above p a rtic le  sizes) ap p ea r to be im portant fac to rs connected to the 
su itab ility  of s ite s . Normally, su itab le  s ites  are  found only in some p a rts  of 
each r iv e r  system  and in some r iv e r s  th e re  may be none a t all. In British 
stream s, most populations occur w here  th e  average stream  grad ien ts are
1.9-5.7 m/km. Lam preys a re  ra re ly  found  where g rad ien ts exceed 7.8 m/km. 
Within th e  s tre tc h e s  of su itab le  g ra d ie n t, adequate sites a re  often found in 
conditions of slowing c u rre n t,  w h e re  deposition of sand and silt occurs 
(e.g. in edd ies, backw aters, b eh in d  obstructions or a t the edges of 
stream s).
This spec ies does not feed  as an  a d u lt  and most of its life is sp en t in silt 
b eds as th e  la rv a l s tag e . The la rv a e  have light sensitive  cells in the  skin 
and a re  negative ly  pho to tactic , f o r  th e  most p a rt remaining seden tary
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within th e ir burrows. However, if d is tu rb ed  they will swim around  rap id ly  
until they  find suitable silt into which to burrow . T h ey  a re  capable of 
completely disappearing into sand  in ju s t  a few seconds. As spaw ning time 
approaches the  metamorphosed adu lts move ou t from th e  s ilts  and  s ta r t  to 
m igrate upstream  (often in large num bers) till th e y  reach  su itab le  
spawning grounds (Malmqvist 1980). These a re  areas o f  small s to n es and 
gravel in flowing water where c u rre n t is p resen t bu t n o t  too s tro n g . Very 
characteristically  they spawn a t the lower ends of pools j u s t  w here the 
water is s ta rtin g  to break up into a riffle.
The spawning season of th is species in British r iv e rs  s ta r t s  when the  
w ater tem peratures reach 10-11°C (Hardisty 1944, 1961a). T here  is a clear 
relationship between water tem pera tu re  and the num ber of animals at 
spawning sites, numbers declining as th e  tem pera tu re  d ro p s. The- nest, 
which may be constructed  by up to a dozen o r more a d u lts , is normally an 
oval depression about 20-40 cm across and 2-10 cm deep. The actual 
spawning act is similar to th a t of o ther lampreys th o u g h  th e  Brook 
Lamprey on account of its small size is less fecund, p ro d u c in g  only about 
1,500 eggs per female. After hatching  th e  young larvae leave  th e  n est and 
d is trib u te  them selves by d rifting  downstream and burrow ing  in su itab le  
a reas of silty  sand. By th is time all th e  adu lts  are  dead for none seem to 
su rv ive  long a fte r spawning.
Lampetra planeri and Lampetra fluviatilis a re  known to spaw n communally 
(Huggins & Thompson 1970).
Larval life seems to v a ry  considerably  in d ifferen t p a rts  of E urope b u t in 
the  British Isles is about 6.5 y ea rs  (H ardisty 1961a, 1961b). The la rvae  a re  
some 3-5 mm on hatching and about 12-15 cm a t  m etam orphosis which takes 
place between Ju ly  and Septem ber, usually  sim ultaneously (i.e. w ithin 3-4 
weeks) in any  one population. The adu lts usually m igrate  upstream  a fte r  
metamorphosis bu t continue to burrow  like ammocoetes o r h ide under 
stones during  the  day. Since th ey  no longer feed, they lose w eight (and 
length) up to  spawning time, when the  females suddenly become heav ier as 
th e  eggs take up water prior to spawning.
The larvae feed, like those of o ther lam preys, by filte rin g  fine  organ ic  
particles, especially diatoms and o th er algae as well a s  p ro tozoans and 
d e tritu s , from th e  surface of the  silt around th e  mouths o f  th e  bu rrow s in 
which they  spend v irtually  all th e ir  larval years. The c ilia ry  mechanism
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and th e  mucus th re a d s  involved in th e  collection of th is  food form a 
complex, b u t v e ry  e ffic ien t feed ing  mechanism.
The m ortality ra te s  in ammocoete popu la tions a re  probably ra th e r  low and 
co n sis ten t th ro u g h o u t th e  larval p e rio d . Apart from th e  e ffec t of 
f lu c tu a tin g  physical fac to rs , espec ia lly  d u rin g  the embryonic period, it is 
known th a t  th e  la rv ae  a re  ea ten  by  Eels, sticklebacks and o ther fish as 
well as sev era l d iffe ren t b ird s  (e.g . Herons). Losses may be particu larly  
h igh  du rin g  th e  d isp e rsa l from th e  n e s t to  the  aramocoete silt beds and a 
h igh  mortaUty p robab ly  occu rs a t  metamorphosis. Only a few parasites 
have been reco rd ed  from lam preys and  noth ing  is known about th e ir  effect 
on th e  host.
4.3 D istribu tion  and  populations
Lampetra planeri is a pu re ly  fre sh w a te r  species occurring in stream s and 
occasionally in lakes in n o rth -w e s t E urope, especially in basins associated 
with th e  N orth and Baltic Seas. I t  o c c u rs  over much of th e  B ritish  Isles, 
b u t is a b sen t from most of Scotland n o r th  of th e  Great Glen, including the 
n o rth e rn  and all b u t a few of th e  W estern  Isles. The species has declined 
in severa l co u n tr ie s  in Europe, w here  i t  is now regarded  as th rea tened  
(e.g. Sw itzerland) and  w here it is g iven  protection.
In England little  rec en t detailed  inform ation on its d istribu tion  has been 
reco rded  since  th e  1970s (Maitland 1969, 1972), apart from a s tu d y  in 1996 
(commissioned by English N ature) of lam prey distribution in a num ber of 
p rio rity  r iv e r  system s. This is one of se v e ra l fish species which w arran ts 
national su rv e y . T here  is no c u r r e n t  p rov ision  for su rv ey  and monitoring 
of th is  species. Ideally  se v e ra l of th e  m ost im portant populations should be 
m onitored using  s ta n d a rd  tra p p in g  and  electrofish ing  methods.
4.4 Limiting fa c to rs
The following limiting fac to rs  a re  re g a rd e d  as the most im portant in 
rela tion  to th e  su ccess  of th is  spec ies in  England.
4.4.1 Pollution Importance: locally high
Because most pollu ting e ff lu e n ts  a re  d irec te d  into running  w aters (and so 
to  th e  sea), many r iv e rs  beram e g ro s s ly  polluted in the  p ast and  lost the ir
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populations of * lam preys, which a re  almost en tirely  r iv e r in e  anim als. In  
addition to d irec t toxic effects, pollution can have a major im pact on 
lamprey populations by sm othering both spawning g rave ls  and n u rs e ry  
silts.
Although the m igrations of anadromous species a re  especially  a ffec ted  by 
pollution b a rrie rs  in such system s, purely freshw ater species can also be 
influenced. In th e  Brook Lamprey, considerable m igrations may be 
necessary  from the n u rse ry  areas to  the spawning g rounds. One extrem e 
belt of pollution between these  two hab ita ts in a  river can have a  major 
effect on lamprey populations in th a t system.
4.4.2 River engineering Importance: locally high
In a similar way to pollution b a rrie rs , engineering works of various k inds 
(dams, weirs, etc.) can be obstacles to upstream  migration and a ffe c t th e  
success of local populations of lam preys.
Channelisation can also be very  damaging to lampreys, mainly th ro u g h  
destruction  of th e ir habitat. The removal of areas of riffle  and assoc ia ted  
spawning gravels on the  one hand, and the  dredging of essen tia l n u r s e ry  
silt beds on the  o ther, may en tire ly  eliminate lam preys from a r iv e r  
system.
4.4.3 Other fac to rs Importance: locally high
Both water abstraction  and land drainage (Maitland et al. 1990) a re  likely  
to have similar negative effects on lamprey populations leading to u n s ta b le  
hab ita ts with variable water levels which flood and d istu rb  both spaw ning  
gravels and n u rse ry  silts  a t some times but leave them high and d r y  a t  
o thers . Very high or low natu ra l flows will, of course, c re a te  th e  sam e 
problems.
Eutrophication acts in a similar way to some o th er forms of pollution 
(Maitland 1984): the algal and bacterial production resu lting  from in creased  
n u trien ts  sm others both th e  spawning su b s tra te  (p reven ting  spaw ning or 
killing eggs) and th e  n u rse ry  su b s tra te , creating  anoxic conditions th e re .
F ishery  management for one particu lar group may adversely  a ffec t o th e r  
fish and wildlife and the ir habitat. For example, action aimed a t im proving
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' conditions fo r salm onids (e.g. d red g in g  of ammocoete s ilts  or t h e ' provision 
of fish  p a sse s  only su rm oun tab le  by salmonids) may be detrim ental to 
lam preys.
5. RESUME OF CONSERVATION ACTION TO DATE
5.1 General
I t  a p p e a rs  th a t  th e re  h as  been  no conservation action aimed specifically a t 
th e  Brook Lam prey in England o th er th an  the general attem pts to raise  the 
profile of th e  co n serv a tio n  of all fish  species in the British Isles (Maitland 
1974, 1979, 1989, 1991, M aitland & Lyle 1991, 1992) and the recen t rep o rt to 
JNCC id en tify in g  im portan t s i te s  fo r th is  species in Great Britain (Maitland 
1993, 1995).
5.2 Priority  s ite s
Because th e re  is in a d e q u a te  inform ation on . the s ta tu s  of the  Brook 
Lam prey in some a reas , it is not possible to be categoric about the  
iden tification  of all im p o rtan t s ite s  f o r . th is species. However, based on 
ex isting  inform ation, th e  following rivers  in England, which have 
populations of Brook Lam prey, have already been proposed as SACs: R 
Avon (H ants.), R D erw ent (Cum bria), R Eden (Cumbria), R Tweed and R 
Wye. In  add ition  to  th ese , Maitland (1993) listed many o ther w aters as 
im portan t fo r th is  re la tiv e ly  common species (e.g. R Alham, R Ain, R Alun, 
R Blyth, R B ra thay , R B rede, R Brue, R Cam, R Cher well, R Chess, R 
Coquet, R C rake, R Cuckm ere, Day Brook, R Derwent (Trent), R Evenlode, R 
Frome, H ighland R, R H odder, R Lea, R Loughor, R Lymington, R Never, R 
Ouse (Sussex), P ark  mill Stream , Rhymney Stream, R Ribble, Wans beck, R 
Wey, R W indrush, Wray Beck, R Wye, R Wylye, R Wyre, R Yeo).
6. PROPOSED ACTION BY ENGLISH NATURE
6.1 Policy and leg is la tio n
Action 1: Work with the Environment Agency to sustain or improve natural 
water and habitat quality in both those rivers which have populations of 
Brook Lamprey and those which formerly possessed populations.
j*
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Priority: high
It is believed th a t riv e r pollution- and habitat d e s tru c tio n  th ro u g h  
engineering works are  the  main reasons fo r the  lo ss of lam prey 
populations in England. Action: English Nature, E nvironm ent Agency, 
landowners, Department of the  Environment.
Action 2: Work with the Environment Agency to remove all artificial 
barriers to lamprey migration in both those rivers which have populations
of Brook Lamprey and those which formerly possessed populations.
t l
Priority: high
It is probable th a t artificial b a rr ie rs  in r iv e rs  a re  the  main o b stac le  in 
preventing the spread of lam preys into a reas which th e y  form erly 
occupied. Such b a rrie rs  req u ire  to be identified and may be chemical 
(severe pollution) or physical (weirs, etc.). The former will d isa p p e a r  with 
improved water quality, the  la tte r may be overcome by com plete (or 
partial) removal, or the  installation of su itab le  fish passes. C learly  if both 
types of b a rrie r  a re  p resen t, removal of one is of little  u se  w ithout 
removal of the  o ther. Action: English Nature, Environm ent Agency, 
landowners, Department of th e  Environment.
6.2 Site safeguard , r iv e r acquisition and management
Action 3: Protect, by SSSI and SAC designation, an adequate range of the 
river systems in which Brook Lampreys still occur, in the context of 
English Nature's designation policy.
Priority: high
Some of the  sites in which Brook Lampreys occur already have p ro tec tio n  
(Maitland 1993). As previously recommended by Lyle & Maitland (1992), a 
review of all SSSIs is needed in o rd er to make su re  th a t  a n  a d eq u a te  
range is given protection. Selection c rite ria  should include co n sid e ra tio n  of 
both altitude (Maitland 1991) and latitude. Action: English Nature.
Action 4: English Nature should object to any development proposals 
(engineering, agricultural, etc.) that may adversely affect a site which is 
important for Brook Lampreys.
Priority: medium
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Given th a t  a  la rg e  p ropo rtion  of th e  life cycle of lam preys is spend ,;in 
b u rro w s in s ilt beds, special a tte n tio n  must be paid to these  (not normally 
co n sid ered  a s  im portan t fish  h a b ita t) , and  to spawning gravels, in any 
co n sid era tio n  of th e  impact of a developm ent proposal affecting a river. 
Action: E nglish  N ature, NGOs.
6.3 S p ec ies  management, protection  and licensing
Action 5: English Nature should ensure that, as far as possible, lamprey 
stocks are fu lly  pro tected  in p r io r ity  r ivers .
Priority: high
L am preys a re  ra re ly  given considera tion  in the plans drawn up for fishery  
m anagem ent b u t im portan t s ite s  (Maitland 1985) and hab ita ts (Maitland
1992) both  need p ro tec tion . T h e re  is  thus a need to develop and 
in co rp o ra te  m anagem ent gu idelines for lampreys in such plans. Action: 
E nglish  N ature, Environm ent A gency.
Action 6: Consideration should b e  given to restocking selected river  
system s where Brook Lampreys are known to have occurred previously and 
where conditions are again deemed to be suitable.
Priority: medium
If i t  is c lea r th a t  th e  causes of extinction of previous populations have 
now been rem oved and th a t  i t  is unlikely th a t populations could be 
re s to re d  n a tu ra lly  from e lsew h ere  in the  r iv e r  network, then it may be 
sen sib le  to  co n sid er re s to r in g  populations of Brook Lampreys. Action: 
E nglish  N ature, E nvironm ent Agency.
6.4 A dvisory
Action 7: Promote a b e tte r  understanding of Brook Lampreys and their 
requirem ents among the public, especially anglers.
Priority: medium
I t  is  w orth  em phasising  th a t  th e  Brook Lamprey is a non-parasitic  species 
which is beneficial to  th e  ecology^ of riv e rs , both in helping to stabilise
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and aerate  silt beds and providing food for o ther wildlife, inc lud ing  b ird s 
and mammals. Action: English Nature, Environment Agency, NGOs.
6.5 International
Action 8: Promote European cooperation on research, su rv e y  and 
conservation of the Brook Lamprey.
P riority: high
Britain has an im portant role to play in the  conservation o f  Brook Lamprey 
in Europe and it is essen tia l th a t a coordinated approach is  tak en  across 
its area of d istribution . Action: English Nature, JNCC.
6.6 Fu ture  research  and monitoring
Action 9: Give support to su rvey  work to establish in deta il the current 
status and distribution of the Brook lamprey in England.
Priority: high
It is of obvious importance to understand  fully the p re s e n t  s ta tu s  of th is 
species as a basis for any fu tu re  conservation m anagem ent s tra te g y . 
Action: English Nature, Environm ent Agency, JNCC, NERC.
Action 10: Give support to researc/i on the ecology o f  this species, 
especially factors affecting larval and adult migration.
Priority: high
Though th is species has been studied  more often than  t h e  p rev io u s two 
and a number of publications is available (e.g. H ardisty 1944, 1961a, 1961b, 
Huggins & Thompson 1970) fu r th e r  resea rch  is needed, espec ia lly  on larval 
hab itat and factors affecting ad u lt migration. Action: E ng lish  N ature, 
Environment Agency, NERC.
Action 11: A long-term monitoring programme should b e  planned and 
implemented.
Priority: high
- 41 -
I t  is essen tia l to  e s tab lish  baseline d a ta  in a  number of key riv e r system s 
so th a t th e  s ta tu s  of th is  species in  England can be followed in a 
sc ien tific  m anner, using  a 5 -y ea r ro llin g  programme. S tandard  techniques 
fo r th is  species a re  available (M aitland 1980, Schoonoord & Maitland 1983, 
Morris & Maitland 1987) and  th e se  d iffer from those of normal fish 
su rv e y s . Action: E nglish  N ature, E nvironm ent Agency.
6.7 Communications and pub licity
Action 12: Promote an understanding of lampreys and their conservation 
requirements among the general public  - especially anglers.
Priority: medium
T here  is a g en e ra l lack of u n d e rs ta n d in g  of lampreys among the  general 
public, p e rh a p s  especially  among a n g le rs , most of whom regard  all 
lam preys as p e s t species. Action: E nglish  Nature, Environm ent Agency, 
NGOs.
7. ACTION PLAN REVIEW
This Action Plan should  be review ed a n d  rev ised  every five years from its 
inception.
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1.0 SUMMARY
This survey has been caried out with support from English Nature and the Environment 
Agency R&D Project 640 to fulfil requirements of the Biodiversity Action Plan (BAP). 
The results have given a detailed insight into the current distribution, status and ecology 
of Anisus vorticulus and Segmentina nitida in southern England and East Anglia.
The presence and absence data for the two target species plus the two other RDB 
molluscs. Valvata macrostoma and Pisidium pseudosphaerium at all of the sites surveyed 
are tabulated below. (X) signifies sites from where the species has been recently recorded 
but not as part of this survey. Numbers in parentheses refer to the number o f sampling 
sites from which each species was recorded.
Site No. of 
sample 
sites
Anisus
vorticulus
Segmentina
nitida
Valvata
macrostoma
Pisidium
pseudo­
sphaerium
Pevensey, Sussex 42 X( 4) ' X( 14) X (20) X (22)
Ash Level, Kent 18 X (12) X( 10)
Preston Marshes, Kent 4
Stodmarsh, Kent 5 X (3) X (4)
Carlton Marshes, Suffolk 11 X( 7) X (2) X (_9) _
North Cove, Suffolk 10 X (2) X (4) X (7)
Burgh Common & Muckfleet 
Marshes, Norfolk
12 X (8) X (8)
Upton Marshes, Norfolk 9 X (2)
Rockland St Mary, Norfolk 5 X (2)
Wheatfen Broad, Norfolk 5 (X) X ( l ) X (1)
Heron's Marsh, Norfolk 4
Halvergate Marsh, Norfolk 2 (X) X (2)
Thompson Common. Norfolk 5 X ( ! ) X ( l )
Amberley Wild Brooks, 
Sussex
21 X (3) X (2)
Lewes Levels, Sussex 9 X (4) X ( l )
Staines, Middlesex
The most significant results were the rediscovery of Anisus vorticulus at Pevensey Levels 
and Amberley Wild Brooks and confirmation of its survival at Carlton M arshes and 
North Cove in Suffolk. It does, however, appear to have been lost from Shortwood Pond 
at Staines. At all sites it was found in relatively low numbers in ditches in an  advanced 
stage of the vegetational succession. In spite of these discoveries the overall results 
confirm that A. vorticulus is still in decline and, therefore, more information on its 
ecological requirements, particularly water chemistry is urgently required. This species is 
recommended for upgrading to RDB 1 status.
In contrast to A. vorticulus the results for the distribution and abundance of Segmentina  
nitida are encouraging. It continues to survive, often in good numbers, at m ost o f the 
geographical sites from which it has been recorded in the last 25 years. Particularly good 
populations were found in Norfolk (eg Muckfleet Marshes), Pevensey and most 
surprisingly in east Kent. The only site where there is evidence of a real decline is at
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Lewes Levels. At all sites the ditches in which it was found were generally very similar, 
usually being surrounded by traditional grazing marshes and being in a very advanced 
stage o f the vegetational succession, i.e. very shallow and with a rich, diverse flora 
choking the ditch. Preservation o f traditional grazing practices and low intensity 
management may be the keys to the survival o f the species.
The results show that within the sampling area. Vcilvata macrostoma is a rare species. 
Although it is still widespread and abundant at Pevensey, it has disappeared from Lewes, 
and was recorded only at one other site (Wheatfen). Its absence from apparently suitable 
habitats, particularly in East Anglia, is surprising.
Although Pisidium species are frequently ignored or overlooked, the large number of 
records for P. pseudosphaerium indicates that this species seems to be increasing both in 
distribution and abundance and is not merely a  function of under-recording. It was found 
in a significant number of ditches at the majority of the sites examined, most of which 
represent the first records for the site.
Recommendations for management guidelines and further survey work are given in 
Section 5. The main points are summarised below:
• Anisus vorticulus should be reclassified as an RDB1 species
• Further survey work to determine the distribution and autecology of Anisus vorticulus 
should be carried out at Amberley, Pevensey. Carlton Marshes, North Cove and 
Halvergate.
•  Further survey work to determine the distribution and autecology of Segmentina 
nitida should be carried out at East Kent Levels. Muckfleet Marshes, North Cove. 
Carlton Marshes, Halvergate and Lewes.
• Survey work should be supported by more detailed recording of the physical 
characteristics of the ditches, associated macrophytes, and water chemistry analysis. 
Where possible, management history data should be sought.
•  The results from surveys should be used to devise a protocol for ditch management
•  A regular monitoring programme should be instigated and prioritised on a site bais.
•  Develop a closer liaison between land owners and agencies to provide advice on 
sympathetic management regimes.
•  Sites at North Cove and south of Sarre, Kent should be afforded protection by SSSI 
status.
2.0 BACKGROUND & OBJECTIVES
Anisus vorticulus and Segmentina nitida are planorbiid water snails which inhabit richly 
vegetated ditches in grazing marsh complexes. They are local and declining throughout 
their central and southern European range. They share similar habitats and suffer from 
similar threats of inappropriate ditch management, loss of habitat resulting from change 
in agricultural practice from traditional grazing to arable, lowering of water tables and 
nutrient enrichment. Both are on the short list of the Biodiversity Action Plan (HMSO 
1996) which proposes surveys of sites with post-1965 records. A realistic aim is to
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establish the abundance and local distribution of populations at selected sites where either 
species has been recorded in the last 25 years. This should provide additional information 
on the habitat requirements and become a baseline for future monitoring.
In Britain, Anisus vorticulus is classed in the Red Data Books (Bratton 1991) as 
vulnerable (RDB2) and has been recorded at about fifteen sites since 1965 but in the last 
ten years only from East Angiia. Formerly strong populations at Pevensey Levels. Lewes 
Levels and Amberley Wild Brooks appear to have disappeared (Killeen 1995). It lives in 
clean calcareous water in well vegetated marsh drains, usually in association with a rich 
assemblage of other aquatic invertebrates.
Segmentina nitida is classed as endangered (RDB1) in the Red Data Book and has been 
recorded at about twelve sites since 1965. Recent evidence had indicated that it was 
mainly confined to two main centres, the Norfolk and Suffolk Broads and marshes, and 
the Sussex .coastal levels. Its habitat requirements are generally similar to those for A. 
vorticulus but recent work at Pevensey (Killeen 1995) had indicated a preference for 
ditches in an advanced stage of plant succession.
This contract was issued by English Nature, Peterborough with collaborative funding 
from the Environment Agency as part of R&D Project 640. The objectives were:
1. To survey selected sites where either species has been recorded since 1970 using 
constant effort at all localities searched.
2 . To record readily measurable environmental features of the sites to help gain insight 
into the factors influencing abundance, and provide recommendations for management.
3. To obtain an up-to-date list of sites for both species.
The opportunity was also taken to record two other RDB species. Valvata macrostoma 
(RDB 2) and Pisidium pseudosphaerium (RDB 3). Additionally a number of ditches 
sampled during the 1994 Pevensey survey were resurveyed to determine any change in 
the molluscan fauna.
3.0 METHODOLOGY
Samples of molluscs were collected in the field using a 15cm diameter stainless steel 
kitchen sieve (1mm mesh) attached to a wooden pole. To ensure collection o f both the 
bivalves which mainly live in the sediment and the gastropods which mainly live on the 
weeds, the samples were obtained from the interface between the sediment and the 
aquatic vegetation. Ten scoopfuls were collected from each sampling ditch, five from 
near to one end and a further five approximately half way along the ditch. Sampling at 
the very ends of the ditches was avoided as snails are generally disproportionally more 
abundant there. Sampling for previous projects had indicated that this technique was 
appropriate for collecting all of the mollusc species present in their supposed order of 
abundance.
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The samples were then tipped into a plastic box and excess, snail free vegetation 
(particularly Lemna spp.) removed. The material was placed in labelled self-seal bags 
and then either preserved in 80% alcohol or stored in  the freezer until they were analysed. 
The samples were subsequently examined microscopically in the laboratory. All species 
o f freshwater molluscs were identified and specimens' abundance estimated or for low 
numbers established by counting individuals. A ll of the samples (except those from 
Amberley and Lewes) have been deposited in the Mollusca collection at the National 
Museum of Wales. Cardiff.
At each sampling station the width of the ditch was estimated, a brief description made of 
the marginal and aquatic flora and the management regime of the adjacent land recorded. 
This information is tabulated and included as Appendix 1.
The majority o f the ditches were surveyed in July and early August 1996 with additional 
visits to Amberley in late August and early September 1996
4.0 RESULTS & DISCUSSION
The task of counting every snail in each sample was excessive and therefore the data were 
quantified according to an ACFOR scale. Some samples contained less than 100 
specimens whereas others had more than 2000. The scale was designed to give more 
precise data for those species occurring at lower frequency:
Abundant A = >101 specimens
Common C = 51 - 100 specimens
Frequent F = 16 - 50 specimens
Occasional 0  = 6 - 15 specimens
Rare R -  1 - 5 specimens
The abundance data from all of the ditches sampled are tabulated and included as 
Appendix 2. In all cases the results are based on numbers of live collected individuals, 
both adult and juvenile.
A summary of the results from each site/area surveyed follows:
4.1 Pevensey Levels, East Sussex - IJK
Work carried out on Pevensey Levels was designed to compliment the survey carried out 
by IJK. in July 1994 (Killeen 1995). To this end, areas not covered by the original survey 
were sampled to obtain a more detailed picture of the geographical extent of the RDB 
species. In addition a selection of ditches on the NNR and on Manxey Level were 
resampled to identify any change in the composition o f the molluscan fauna. A brief 
comparison is made in the following sections, but a more detailed comparison and its 
implications for conservation and management will be developed elsewhere. The original 
survey had identified that Valvata macrostoma and Pisidium pseudosphaerium were 
widespread and locally abundant. Segmentina nitida was also found to be widespread,
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but was restricted to ditches in an advanced stage of vegetational succession. Anisus 
vorticulus was not found during the 1994 survey.
4.1.1 Pevensey NNR (Map Figure 1)
Eight ditches were sampled of which seven were repeats from the 1994 survey. The 
comparative results are shown in the table in Appendix 2.
A results comparison shows that in most ditches molluscan species diversity and 
abundance has deteriorated. To a lesser extent, plant diversity has also deteriorated. The 
abundance of V. macrostoma and P. pseudosphaerium has declined in many of the 
ditches in which they were found in 1994. For ditch 5. which is outside the NNR 
boundary the reason for the decline is almost certainly due to ditch siltation and invasion 
by scrub and herbs. This ditch now requires (partial) clearance. The reasons for the 
apparent deterioration of the other ditches is not obvious, particularly as there does not 
appear to have been any dredging in the intervening two years. It is recommended that 
these ditches are monitored and analysed for water quality to detect evidence of 
eutrophication.
4.1.2 Manxey, Down, Horse Eye & Glynleigh Levels (Map Figure 2 <&2a)
A total of seventeen ditches were sampled in this area: seven of these o n  Manxey Level 
had been sampled in 1994. most of which were known to support good populations of 
Segmentina nitida. The remaining ten were from a geographical area not covered by the 
original survey.
The seven resurveyed ditches on Manxey Level do not appear to have changed 
significantly floristically nor is there any evidence that the ditches have been dredged. 
However, there have been changes in the molluscan composition particularly with respect 
to the RDB species. Of greatest note is the complete disappearance of P. 
pseudosphaerium from all seven ditches. Valvata macrostoma has declined in 
abundance. Whilst 5. nitida has declined in some ditches it has increased in others. A 
detailed analysis of these data requires more information on ditch management, land use 
and water chemistry than is currently to hand. However, it does demonstrate that these 
ditch systems are in a state of dynamic change, and that change due to either natural or 
artificial causes may be relatively rapid. It highlights the need for monitoring as an 
integral part of any management or species recovery programme.
A summary of the results for the RDB species in the ten ditches at other places in the area 
is as follows:
Valvata macrostoma 
Anisus vorticulus 
Segmentina nitida 
Pisidium pseudosphaerium
7
7 ditches 
0 ditches 
7 ditches 
4 ditches
J
The ditches were selected on the basis of their floristic diversity and advanced stage in the 
succession cycle (see Appendix 1). Most supported S. nitida and V. macrostoma 
demonstrating that these species are widespread across the SSSI in suitable habitats. 
Anisus vorticulus was recorded by Hingley (1979) from sites in the vicinity of Ditch 8 but 
none were found during this survey.
4.1.3 Hooe & south-east Manxey Levels (Map Figure 1)
A selection o f sixteen ditches were sampled from an area not covered by the original 
1994 survey. A summary of the results is as follows:
Valvata macrostoma 1 ditches
Anisus vorticulus 4 ditches
Segmentina nitida 5 ditches 
Pisidium pseudosphaerium  10 ditches
There is a marked contrast between the fauna of the ditches to the north of Waller's 
Haven and those to the south. Nine ditches were sampled to the north of Waller’s Haven, 
six on the north side of the A259 and three on  the south side of the road. On the north 
side of the road most o f the ditches border hay fields. They tend to be deeply dredged and 
are of low floristic diversity. The ditches on the south side of the road border grazed 
grassland and have a better flora. However, all were found to support a relatively poor 
molluscan fauna with only Valvata m acrostoma recorded from one ditch and P. 
pseudosphaerium  from four. The reasons for this low molluscan diversity are unclear 
but ditch over management and possible eutrophication are implied. It is recommended 
that water quality analysis is carried out in this area.
Sampling to the south side o f Waller's Haven resulted in the important rediscovery of 
Anisus vorticulus. Although it occurred in low  numbers, it was found in four of the seven 
ditches sampled (13-17) together with S. n itida , V. macrostoma and P. pseudosphaerium. 
These ditches lie amongst rough grazed pasture and are similar botanically and in terms 
of vegetational succession to many other ditches on Manxey Level, all of which support 
the other three species, but not A. vorticulus.
It is important to establish if A. vorticulus occurs in other ditches on this part of Manxey 
Level. Additionally this should be supported by chemical analysis of the water, both 
from ditches supporting A. vorticulus and those without the snail.
4.1.4 Pevensey Castle Moat (No map)
The small moat within the grounds of Pevensey Castle was formerly known to support a 
good population o f Anisus vorticulus (Michael Kemey pers. comm.). Although the site 
still supports a rich and diverse flora, examination of a large bulk sample of molluscs 
failed to yield A. vorticulus and it must, therefore, be presumed to have disappeared from 
the site.
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4.2 East Kent - IJK
4.2.1 Ash Level (Map Figure 3)
There have been a number of records of Segmentina nitida from the East Kent Levels in 
the last 20 years from Ash Level north of Lower Gouldstone and south of Pluck's Gutter 
(Shelagh Wilson. EA pers. comm.; IJK pers. obs.). Eighteen ditches w ere sampled from 
Ash Level and the levels north-west of Preston Street. The results for the RDB molluscs 
are summarised:
Anisus vorticulus 0 ditches
Segmentina nitida 12 ditches
Pisidium pseudosphaerium 10 ditches
Much of the area of Ash Level is now intensively farmed with many of the fields used for 
cereals, potatoes and cash crops such as flax. The ditches around these fields tend to be 
deep with dense stands of Phragmites and an impoverished aquatic flora. Many such 
ditches were sampled and found to have a low diversity molluscan fauna containing none 
of the notable species. The algal bloom on the surface o f many ditches suggests that 
eutrophication is a problem. The two ditches south of Pluck's Gutter where S. nitida had 
been found in the 1990s had been dredged and now lie amongst arable fields.
There are, however, small complexes of ditches on Ash Level bordered by more 
traditionally farmed areas of grazing marsh. Where these ditches exist the management 
appears to be of relatively low intensity and have reached an advanced stage in the cycle. 
Most of these ditches are fairly shallow and choked with a rich flora dominated by 
Hydrochar is, Lemna trisulca and Berula erect a (water parsnip). S. nitida was found in a 
significant number of these ditches together with Pisidium pseudosphaerium. Further 
work is required to locate other ditches that surround grazed pasture and to  determine if S. 
nitida is present.
The ditches north-west of Preston Street (7-12) intersect rough grazed pasture and semi­
improved grassland. All of those sampled had reached an advanced stage in the 
vegetational succession. Water levels were generally very shallow and some ditches were 
nearly silting up. All o f them were choked with plants leaving just a few small pools of 
open standing water. Segmentina nitida and Pisidium pseudosphaerium  were found in 
six of the seven ditches sampled being frequent or common in some. This is an important 
site for S. nitida, but many o f the ditches are now reaching the stage whereby some 
management will be required to prevent them from becoming unsuitable for these species. 
As this area does not currently receive any protection it is recommended that the 
landowner is advised o f the importance of the site so that any management can be carried 
out sympathetically. Designation as a SSSI would be desirable.
4.2.2 Preston Marshes (Map Figure 4)
The SSSI comprises an extensive area of reedbed & fen and a smaller area of grazed 
pasture with dykes at the southern end. This site was investigated at the request of the
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English Nature Kent office as there are proposals to allow the pasture area to return to 
reedbed. There are no previous records of any of the RBD molluscs.
Although some of the ditches were in an advanced stage of plant succession and 
supported a rich and diverse flora, no RDB molluscs were found. On the basis of these 
results there is no reason to change the management proposals.
4.2.3 Stodmarsh (Map Figure 5)
Records of Segmentina nitida exist from Westbere Marshes from the early 1980s. 
However, much o f this area is now overgrown and access is difficult. After discussion 
with Brian Banks (English Nature, Kent) it was decided to focus attention on two parts of 
Stodmarsh NNR.
The northern end has been recently acquired by English Nature and comprises grassland 
with intersecting ditches. There are proposals to allow this area to return to reedbed. 
From-field observations these ditches were found to support both a poor flora and 
molluscan fauna dominated by Potamopyrgus antipodarum. It is suspected that there 
may be a slight brackish influence in the ditches. From these results there are no reasons 
to prevent the reedbed proposals from proceeding.
Many of the ditches further south lie within areas of traditionally grazed pasture and 
support a rich and diverse flora. Five ditches were sampled and gave the following 
results:
Anisus vorticulus 0 ditches
Segmentina nitida 3 ditches
Pisidium pseudosphaerium  4 ditches
The relatively low intensity managment at the site has allowed many of the ditches to 
become shallow and choked with aquatic plants providing the conditions suitable to 
support the RDB molluscs. This is clearly an important site for Segmentina nitida and for 
which sympathetic management guidelines should be drawn up. In view of the brevity of 
this survey further work should be carried out to determine the extent of S. nitida both at 
Stodmarsh and on Westbere Marshes.
4.3 Waveney Marshes, Suffolk - IJK
4.3.1 Carlton Marshes (Map Figure 6)
The site is an extensive area of spring fed grazing marshes on the southern side of Oulton 
Broad managed by the Suffolk Wildlife Trust. Area records for Segmentina nitida and 
Anisus vorticulus have been sporadic over the last 30 years although the latter species in 
particular appeared to have been increasing throughout the 1990s (Killeen 1992). 
Pisidium pseudosphaerium  had not been recorded before 1994. Eleven ditches adjacent to 
the main track, including some where A. vorticulus had been previously found, were 
sampled during this survey. The results may be summarised:
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Anisus vorticulus 7 ditches
Segmentina nitida 2 ditches
Pisidium pseudosphaerium 9 ditches
On the basis of these results Carlton Marshes must be regarded as one o f the most 
important sites in Britain for Anisus vorticulus. However, in all of the ditches in which it 
was living it was always found at low density with no more than 15 specimens recorded 
from any one sample. It occurred in ditches covering a range of the plant successional 
stages, including some with a relatively poor flora and which had been dredged during the 
last 5 years. None of these ditches were choked with vegetation or becoming silted up. 
This may be a reason for the apparent rarity of Segmentina nitida . This species has never 
been found in any numbers at the site and this may be a result o f  the management regime 
not allowing the ditches to attain suitable conditions. This survey shows that Pisidium 
pseudosphaerium is clearly increasing in distribution and abundance at the site.
The current mangement regime, which appears to be based upon a relatively short 
dredging cycle, may not be ideal for the survival and spread o f  the rarer mollusc species. 
It is recommended that further survey work be carried out to determine the true status and 
distribution of Anisus vorticulus in particular. Once more comprehensive data is obtained, 
guidelines can be drawn up for a management plan and recovery programme sympathetic 
towards the ecological requirements of the important mollusc species.
4.3.2 North Cove (Map Figure 7)
The area surveyed comprises a complex of grazing marshes lying between the railway 
and the River Waveney. The site is still traditionally farmed under private ownership and 
does not have SSSI or other conservation status. Segmentina nitida  and Anisus vorticulus 
were both recorded from a drain just north of the railway by David Long in 1968 but were 
not found here in the 1980s (Killeen 1992). Ten ditches were sampled on either side of 
the main track between Marsh Lane and Cove Staithe. The results for the RDB species 
are as follows:
Anisus vorticulus 2 ditches
Segmentina nitida 4 ditches
Pisidium pseudosphaerium 7 ditches
This survey has confirmed the survival of Segmentina nitida and Anisus vorticulus and 
recorded Pisidium pseudosphaerium for the first time. There is a marked contrast 
between the ditches on the west and east sides of the track. On the west side many of the 
ditches are shallow, rarely more than 2 metres wide and have a dense and diverse flora. 
Most of those sampled had little open water and were choked with species such as 
Hydrocharis morsus-ranae and Berula erect a. Ditches 7 & 8 had very shallow water and 
were almost dry in places supporting dense Juncus sp. This is also in contrast to Carlton 
Marshes where there are no ditches in such an advanced successional stage and this is 
reflected in the molluscan fauna. Segmentina nitida was frequent in two ditches (2 & 8 )
and rare in two others (7 & 9), confirming its requirements for choked, shallow ditches. 
Anisus vorticulus was less frequent than at Carlton, only occurring in two ditches (8 & 
10). Pisidium pseudosphaerium , however, was found in a range of ditches and again 
appears to be spreading in the area. The frequency of all three in ditch 8 along with an 
abundance of Pisidium obtusale is significant in demonstrating the preference of these 
species for shallow, choked conditions.
The ditches to the east o f the track (4 & 5, plus others not quantitatively sampled) had 
generally deeper water and were more regularly dredged than those on the west side. 
Most only had marginal vegetation and a relatively poor aquatic flora. There was much 
evidence of disturbance by cattle. Although Pisidium pseudosphaerium  was recorded, the 
two planorbids (S. nitida and A. vorticulus) could not be found.
Further survey work is required to establish the extent o f  A. vorticulus and 5. nitida on 
North Cove marshes. It would be desirable to preserve the less intense ditch management 
and, therefore, the landowner should be advised of the importance of the site and 
provided with management guidelines. It is also recommended that the site should be 
given SSSI status.
4.4 Norfolk Broads - IJK
4.4.1 Burgh Common & Muckfleet Marshes (Map Figure 8)
The SSSI encompasses Burgh Common, which is an extensive area of carr, grazed and 
ungrazed fen intersected by ditches, and Muckfleet Marshes south-east of the village of 
Billockby. Anisus vorticulus was recorded from a ditch adjacent to Muck Fleet in 1974 
and Segmentina nitida from Burgh Common in 1983. Most of the recording effort for 
this survey was focussed on Muckfleet Marshes where 10 ditches were sampled. Only 
two ditches on Burgh Common were sampled quantitatively as many were deeply 
dredged whilst others were either inaccessible or did not have suitable habitat. The 
results for the RDB molluscs are summarised:
Anisus vorticulus 0 ditches
Segmentina nitida 8 ditches
Pisidium pseudosphaerium  8 ditches
The ditches at the south-western end of Muckfleet Marshes (1 -3 )  are bordered by fields 
which are sown for hay. They generally have deep water with a poor aquatic flora. Many 
were investigated and found to contain impoverished molluscan faunas and therefore 
most were not sampled quantitatively. Ditch 3 is the one from which A. vorticulus was 
found in 1974. Although this species was not refound, the ditch did support low numbers 
of 5. nitida and P. pseudosphaerium .
The ditches at the northern end (4 - 7 & 20 - 22) are bordered by rough, grazed pasture. 
Most are in an advanced successional stage having relatively shallow water and with a 
dense and diverse flora. S. nitida and P. pseudosphaerium  were found in the majority of
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ditches sampled although they were both living in relatively low numbers. Despite the 
apparent suitability of the habitat A. vorticulus could not be found. On Burgh Common. 
S. nitida was found in both ditches sampled (23 & 24). However, these ditches were 
quite different in character from any of those sampled on Muckfleet Marshes. Ditch 23 
was almost dry, with a flora of mainly bladderwort and water crowfoot, whereas ditch 24 
had shallow water and was vegetated entirely by Phragmites. The faunal composition o f 
ditch 24 suggests that it may be past its faunal optimum and in need o f some 
management.
This is clearly an important site for Segmentina nitida in particular and this is almost 
certainly a result of low intensity management. However, as many of the ditches are now 
becoming choked, they are likely to be candidates for dredging in the near future. To 
preserve the molluscan status quo it is recommended that appropriate management 
guidelines are issued to the landowner in advance of any potentially damaging dredging 
work. It is also recommended that monitoring of S. nitida is carried out both before and 
after any dredging. A brief survey of the other ditches on both Muckfleet M arshes and 
Burgh Common is justified.
4.4.2 Upton Marshes & Broad (Map Figure 9)
The SSSI comprises two areas: Upton Broad and the surrounding reedbed, ungrazed fen 
and carr known as The Doles; and Upton Marshes, an area of ditches bordered by grazed 
pasture and hay fields. Segmentina nitida was recorded from Upton Broad in 1975 and 
Anisus vorticulus from a ditch just outside the SSSI (TM430I23) in 1974. Nine ditches 
were quantitatively sampled from Upton Marshes plus many others visually. Within the 
Doles a number of pools and ditches were sampled but no samples were retained for 
quantitative analysis, and the results are presented as one list in the table. The summary o f 
the RDB species found during this survey is as follows:
Anisus vorticulus 0 ditches
Segmentina nitida 0 ditches
Pisidium pseudosphaerium 2 ditches
Within The Doles many of the pools and ditches appeared suitable for RDB molluscs, but 
none of the target species could be located. The survey was, however, far from 
comprehensive and further surveying may reveal their presence.
The molluscan fauna of the ditches on Upton Marshes was found to be relatively poor 
with Pisidium pseudosphaerium present in two ditches, being the only species of note. 
Many of the ditches are bordered by fields that are used for either hay or arable crops and 
are deeply dredged. The grazing pastures are confined to the area adjacent to The Doles. 
A significant number of the ditches, however, supported a rich flora, indeed water soldier 
(Stratiotes aloides) was one of the most dominant plants throughout. Many o f the ditches 
had a surface bloom of algae or the sediment was composed of algal sludge giving rise to 
anoxic conditions. It is suspected that in spite of the apparent suitability o f  the ditches, 
many are eutrophic from fertiliser run off. This factor combined with possibly over
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frequent dredging, may account for the absence o f the rarer molluscs. Species recover)' 
may be possible if these issues could be addressed.
4.4.3 Rockland St Mary (Map Figure 10)
Anisus vorticulus was formerly known in the 1980s from a number of ditches just south 
o f Rockland Broad (Mary Seddon pers. comm.). This area of grazing marshes lies 
outside the boundary of the Yare Broads & Marshes SSSI. The majority of the ditches in 
this area have been deeply dredged and have very poor aquatic flora. Others are 
surrounded by cereal and arable fields and were not considered suitable for the RDB 
molluscs. Five ditches were selected for quantitative sampling. The results for the RDB 
molluscs are:
Anisus vorticulus 0 ditches
Segmentina nitida 0 ditches
Pisidium pseudosphaerium 2 ditches
According to Derek Howlett (pers. comm.) the ditches in this area have altered 
dramatically in recent years, mainly through change in agriculture from traditional 
grazing to arable crops. The molluscan fauna has almost certainly been affected by these 
changes such that very few ditches now have conditions suitable to support the rarer 
species. Ditch 2 at the southern end of Rockland Broad still has fragments of a good flora 
with Stratiotes aloides etc and Pisidium pseudosphaerium. This ditch may be a candidate 
for species recovery and would be worth monitoring regularly.
4.4.4 Wheatfen Broad (Map Figure 11)
The Ted Ellis Reserve at Wheatfen comprises reed beds, marsh dykes and small broads. 
In the immediate post-war period the water quality deteriorated and many aquatic 
macrophytes and invertebrates disappeared (Clarke & Ives 1996). However, in recent 
years there have been signs that this process is being reversed. Valvata macrostoma and 
Segmentina nitida were recorded by A.E.Ellis in the 1930s and 40s from both tidal and 
non-tidal waters. More recently Roy Baker and Derek Howlett have recorded occasional 
specimens of both from non-tidal dykes and pools (Baker pers. comm.).
Two pools and three non-tidal dykes were sampled during this survey. S. nitida could not 
be found, but 2 live specimens of V. macrostoma were recorded from a broad dyke at the 
northern end of the reserve along with Pisidium pseudosphaerium, which is new to the 
site. Ongoing survey work by Baker &  Howlett should enable these populations to be 
monitored.
4.4.5 Herons Marsh (Map Figure 11)
Segmentina nitida was formerly known from a number of grazing marshes on the 
southern side of the R.Yare from Surlingham to Rockland. However, the area has been 
greatly altered by changes in agricultural practice, drainage and eutrophication. Four 
ditches around Heron's Marsh were sampled during this survey. All were wide and 
deeply dredged with a impoverished emergent and submergent flora. No molluscs of any
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note were recorded although a more sympathetic management programme might allow 
the ditches to become suitable for species recovery.
4.4.6 Halvergate Marshes TG431073 & 4.47 Acle TG417122 (No maps)
Segmentina nitida was recorded by A. E. Ell is from Halvergate Marshes in the 1930s and 
more recent work as part of the El A for the A47 road improvements had revealed this 
species and Anisus vorticulus from a number of ditches to the east of Acle (Duncan 
Painter pers. comm.). Although outside of the remit for the current project, one ditch 
north of Acle and two ditches north-east of Halvergate village were sampled.
Only S. nitida was found in both ditches at Halvergate and no notable Mollusca at Acle. 
However, in view of these results and those of Painter, there is evidence that both S'. 
nitida and A. vorticulus may occur frequently at the western end of Halvergate Marshes. 
On this basis a detailed survey is recommended to obtain data for conservation and 
management.
4.5 Thompson Common, Norfolk (Map Figure 12) - IJK
Thompson Common lies on the edge of the Breckland, approximately 15km NE of 
Thetford. There is a wide range of habitats including dry heathland. wet grazed 
grassland, pools and ditches. A number of the pools have dense stands o f  Cladium 
mariscus. Segmentina nitida was recorded from the site in 1989. At the tim e of this 
survey many of the pools and ditches were dry or drying out. Sampling was confined to a 
few potentially suitable habitats at the northern end of the site.
The results confirmed the presence o f S. nitida in one shaded ditch/pool surrounded by 
dense Phragmites (Site 2). The pool was full of dead Phragmites stems with little other 
aquatic flora and is quite unlike any of the other sites in which S. nitida was found. It is, 
however, interesting to note that many of the old records for the species are from ponds. 
Specimens of Pisidium pseudosphaerium were also found in the same pool which is 
apparently the first record for the site. A more extensive survey is required earlier in the 
year (May?) when water levels are higher to establish the distribution of S. nitida across 
the site and then followed by a programme of monitoring on possibly a 2 yearly basis.
4.6 Amberley Wild Books, West Sussex (Map Figure 13) - MJW
In overall terms one is struck by the seemingly low diversity of the fauna of many of the 
ditches at Amberley. For such a large area of'good quality' ditches some widespread and 
common species such as Bathyomphalus contortus, Armiger crista and Bithynia leachii, 
were noticeable by their absence. Additionally the two RDB species Valvata macrostoma 
and Segmentina nitida, which are both recorded from the southern coastal grazing levels 
of Pevensey and Lewes Levels have never been recorded from Amberley. The reasons for 
the relative molluscan faunal paucity may be due to the relative isolation o f the area, or 
possible the apparently variable water chemistry with areas of rather low pH (F. Abraham 
& A. Griffith, pers. comm.). Amberley is also an area with a relatively poor water beetle 
fauna compared to Pevensey and Lewes Levels (P. Hodge, pers. comm.).
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The rediscovery of Anisus vorticulus at three sites on Amberley Wild Brooks is of 
considerable regional and national significance. Anisus vorticulus was last reported in 
1966 to the south-east of the present sites in Grid, square TQ 0313 (M.P.Kemey. pers. 
comm.). At sites 9 and 17 the snail was present in low numbers but, unusually for this 
species, it was frequent and easily found in ditch 8 . The latter ditch was narrow, shallow 
and fairly choked with weed and seemingly, had not been cleared for many years. Since 
Anisus vorticulus was first collected on 20.8.96., contractors had cleared ditches 9 and 17 
of most o f their aquatic vegetation, but fortunately ditch 8 was not directly affected.
It may be significant that Pisidium pseudosphaerium was found in association with 
Anisus vorticulus in ditch 8 . Kemey (in Bratton, 1991) describes the habitat of this 
species as, ’clear, clean water in stagnant places choked with aquatic plants'. This very 
much describes the conditions in ditch 8 .
The presence of the bivalve Pisidium pulchellum was an unusual find as this species is 
typical o f clean running water, which is not typical of grazing levels such as Amberley. 
Although some flow was evident in ditches 2 and 3, water flow was not evident in ditch 
17.
Amberley Wild Brooks are unusual grazing levels because, unlike virtually all other 
habitats o f this type in southern and eastern England such as Pevensey, Lewes Levels and 
the East Anglian Broads, there has not been a widespread introduction of arable farming. 
This may, at least in part, explain the continued presence of Anisus vorticulus populations 
at Amberley, which may now be one o f the strongholds for this species in Britain.
Further survey work at Amberley is required, particularly to investigate more of the 
smaller ditches that may not have been cleared as regularly as the larger ones. Ideally such 
studies should link to detailed botanical work and include basic water chemistry (e.g. pH. 
Ca2+ , NO3 '). The results of such work could then be built into the formulation of a 
management plan to allow ditch maintenance work to maintain or enhance current 
populations ofyJrt/’sw.s' vorticulus.
4.7 Lewes Levels* East Sussex (Map Figure 14) - MJW
In the single day devoted to ditch surveys at Lewes, the north-western area was given 
priority. This was because it is that part of the Levels where the majority of the records 
for Anisus vorticulus, Segmentina nitida, Pisidium pseudosphaerium and Valvata 
macrostoma occur (Kemey & Hodge, pers. comm., and Hicklin, 1986).
Sementina nitida was recorded at four ditches, but nowhere in the abundance at sites on 
Pevensey Levels and in the Norfolk Broads (Killeen, pers. comm.). In his detailed study 
of the Lewes Brooks Drainage System, Hicklin (1986) found Segmentina nitida in four of 
the grid squares: TQ 4008, 4108, 4107 and 4208. In this survey Segmentina nitida was 
found in the first two o f these squares as well as the additional square 4109.
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Despite looking at large numbers of /Jw’jws sp. both in the field and in quantitative 
samples in the laboratory. Anisus vorticulus was not found. This species was last recorded 
at Lewes in square 4109 in 1976 (M. Kemey, pers. comm.) but was not rediscovered by 
Hicklin in 1986.
Pisidium pseudosphaerium was found in ditch 7 in square 4108 in association with 
Segmentina nitida. Hicklin (1986) also found Pisidium pseudosphaerium in this square as 
well as 4008 immediately to the west.
Ditch 8 contained no Mollusca and was considered by P. Hodge to have been polluted 
with silage liquor.
Towards the south of the Levels, site 9 produced frequent Hippeutis complanatus, which 
is also in agreement with observations by Hicklin (1986).
At the time of survey the ditches 1,2.3 and 4 seemed to be suffering from very low' water 
levels. Indeed ditch 3 was dry to the east of the sampling station with abundant dead and 
dying fish and water snails.
This brief, preliminary survey is broadly in agreement with that of Hicklin and suggests 
that the Lewes Levels have not changed substantially in the last ten years. A comparison 
with Hicklin's map displaying the distribution of arable land on the Levels suggests that 
some further, previously grassland areas, have been converted to arable. Hicklin felt that 
although deterioration of water quality due to eutrophication was a significant factor in 
reducing the biodiversity of the Levels, of greater significance was the lowering of water 
levels in many ditches.
It now seems likely that both of the RDB species Anisus vorticulus and Valvata 
macrostoma have gone from the Lewes Levels in the last twenty years, probably as a 
result of a combination of deteriorating water quality and low water levels. Further work 
needs to be undertaken in the eastern area of the Levels adjacent to the River Ouse.
4.8 Shortwood Pond, Staines (No map, Grid Ref. TQ048719)
Shortwood Pond lies in a cattle and horse grazed public open space. The pond supports a 
rich aquatic and marsh vegetation including: Phragmites australis, Typha I at i/o I i a, 
Nymphaea alba, Polygonum amphibium, Myriophyllum spicatum, Callitriche stagnalis. 
Mentha aquatica, Butomus um be Hat us, Myosotis scorpio ides and Hofonia pa l us tr  is.
At the time of survey water levels in the pond were, according to conversations with 
several local fishermen, about lm lower than 'normal'. Some of the marginal areas had 
been 'poached' by cattle and horses.
A detailed field survey and the processing of samples in the laboratory revealed a 
moderately rich molluscan community in Shortwood Pond. Despite the careful study o f
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many small examples o f Anisus spp. from different areas of the pond no specimens of 
Anisus vorticulus were recovered. This snail was last found at the pond in 1976 
(M.Kemey, pers. comm.) together with Pisidium pseudosphaerium, another RDB mollusc 
that the current survey also failed to rediscover.
5.0 RECOMMENDATIONS
On the basis of the serious decline indicated by the results from this and other recent 
surveys, Anisus vorticulus should be regarded as an endangered species. It is therefore 
recommended that it should be reclassified as an RDB1 species.
The reasons for the decline of A. vorticulus are unclear. It inhabits ditches in a relatively 
advanced stage o f the management cycle although, with the possible exception of 
Amberley, it does not seem to demand quite such choked conditions as are required by 
Segmentina nitida. The very localised distribution of the species within sites particularly 
at Pevensey suggests that there are factors other than land use and management which 
affect this species. The most likely factor is water chemistry.
Without detailed information on the local distribution, biology and ecology it is difficult 
to provide reliable guidelines for the conservation and management of A. vorticulus and 
any subsequent recovery programme. It is recommended that survey work should be 
continued at Amberley, Pevensey, Carlton Marshes, North Cove and Halvergate to 
establish the full extent o f A. vorticulus at these sites. This should be supported by water 
chemistry analysis which as a minimum covers nitrate, phosphate, hardness, pH. 
dissolved oxygen and turbidity. A similar analysis should also be carried out at each site 
on a selection o f ditches which do not support the species. Any other information on the 
management history, flora and other invertebrates may also provide clues to its habitat 
requirements. It is also recommended that monitoring on at least a two yearly basis 
becomes a component o f the site management plans.
The habitat requirements for Segmentina nitida seem to be easier to assess. At all sites 
the ditches supporting it was were generally similar, often being surrounded by traditional 
unimproved or semi-improved grazing grassland and in a very advanced stage of 
vegetational succession, i.e. very shallow and with a rich diverse flora choking the ditch. 
Preservation of traditional grazing practice and low intensity management may be the 
keys to the survival o f the species. This may, however, present a conflict of interests 
between landowners, internal drainage boards, the Environment Agency and the 
conservation bodies. For ditches to fulfill their function as land drains they do require 
management (i.e. dredging). Although guidelines exist these are frequently not adhered 
to, e.g. ditch management is rotated on say a  seven year basis; they should ideally only be 
partially cleared; dredged from one bank; adjacent ditches not cleared in the same year. 
Evidence from many sites indicates that ditch clearance is total and carried out more often 
than seven yearly. With such management most ditches would not achieve the advanced 
stage necessary to support S. nitida.
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It is recommended that a closer liaison should be developed between the interested parties 
and an attempt made to provide advice on a more sympathetic management regime. 
Statistical analysis of the molluscan data indicates that it might be possible to develop a 
scheme whereby molluscs may be used as biological indicators to determine frequency of 
ditch management. This proposal was developed at the conference on Molluscan 
Conservation in Cardiff (November 1996) and will be subsequently published in the 
Conference Proceedings.
Further survey work to determine the extent of Segmentina nitida at a number of the sites 
is desirable. In order of priority we recommend the East Kent Levels, Muckfleet 
Marshes, North Cove, Carlton Marshes and Halvergate (in conjunction with A. 
vorticulus) and Lewes Levels (also in conjunction with A vorticulus). At all sites a 
monitoring programme should be initiated.
Comparison of the molluscan composition of ditches sampled in 1994 and 1996 on 
Pevensey Levels has revealed significant change. In most cases the fauna has deteriorated 
for no obvious reasons. It is therefore recommended that water analysis is carried out to 
determine if eutrophication is responsible for the decline.
Two important sites do not appear to receive any protection from SSSI or other 
conservation status. It is recommended that North Cove. Suffolk and the grazing marshes 
south of Sarre, Kent are considered for SSSI status.
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Pseudanodonta complanata
( a freshwater bivalve mollusc)
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October 1996
The Environment Agency
Species Action Plan: Pseudanodonta complanata ( a 
freshwater bivalve mollusc), October 1996
1. Conservation Status:
Pseudanodonta complanata is a rather uncommon and local species 
throughout its range. Current opinion suggests (personal communications 
with M. P. Kerney & D. Aldrich) that there is no evidence that this species is 
declining in Britain. Its present distributional status is rather unclear and 
extends from Somerset to south Yorkshire.
The main threats to the species in Britain are not well understood, but may 
include deterioration in water quality from suspended sediments, drought and 
low numbers of host fish populations.
2. Legal Status:
Pseudanodonta complanata is not protected in the United Kingdom.
3. Priority Statement:
Pseudanodonta complanata is a local species in Britain with consistently low 
population numbers. The current distributional status over its likely British 
range requires further study. Implementation of this plan is a medium priority.
4. Objectives for the conservation of the Species:
4.1 To accurately assess the current status o f Pseudanodonta complanata in 
England and Wales.
4.2To initiate autecological research to develop a clearer understanding of 
the ecological requirements and life history of the species.
4.3 Following analysis of ecological studies, if appropriate implement findings 
to maintain or enhance the species by the establishment of appropriate 
habitat management strategies.
5. Biological assessment:
5.1. Ecology
Pseudanodonta complanata lives in fairly clean, hard water in lowland 
rivers, canals. It has always appeared to  occur in much lower numbers 
than Anodonta cygnea and Anodonta anatina, with which it is frequently 
associated . it usually buries itself deeper in river sediments than other 
mussels (R. Aldrich, personal communication). Unpublished research (R. 
Aldrich, University of Cambridge) suggests that the parasitic glochidia 
larva of this species, may be relatively inefficient at attaching themselves 
to fish gills compared to those of related mussel species. It is also
suggested that the populations of suitable benthic fish, particularly perch 
(Perea fluviatilis) are important in maintaining populations of 
Pseudanodonta complanata. There are currently many gaps in the 
knowledge of the ecology of this species, particularly at the juvenile 
stages.
5.2 Distribution & population:
Pseudanodonta complanata occurs throughout most of lowland England 
up to the Welsh borders from Somerset to south Yorkshire. The latest 
national distributional data records the species occurring in 66 ten 
kilometre grid, squares (M.P. Kemey, 1976 and personal communication). 
It has always been noted as a scarce species (e.g. Killeen, 1992). 
Elsewhere it occurs in Western Europe. There are some suggestions that 
this species is seriously threatened throughout its mainland European 
range (with the possible exception of Finland) and that Britain may have 
the healthiest populations in the continent (F. Woodward, personal 
communication).
5.3 Limiting factors: In the absence of a sound understanding of the ecology 
of this species it is not possible to state with certainty the reasons for its 
low numbers. It may be affected by low numbers of fish that act as hosts 
for the glochidia larva. It has been suggested that the inability of this 
species to close the ventral valve margins makes the animal virtually 
unable to withstand periods of drought and in addition is also subject to 
becoming clogged by fine sediment in suspension (F. Woodward, 
personal communication).
6. Resume of conservation action to date:
Pseudanodonta complanata has not been the subject of any species-specific
conservation work, although certain studies of local fish populations at
Cambridge University have involved indirect study of local mussel
populations.
Pseudanodonta complanata is included in the Short List of the Biodiversity
Action Plan (HMSO, 1995).
7. Proposed Action:
7.1 Policy and legislation.
Until the precise reasons for any possible decline have been ascertained, 
then it is not possible to advance policy suggestions. These should be 
reconsidered when areas of the research advocated in this plan have 
been undertaken.
7.2. Site safeguard and management.
When ecological understanding is improved, consider the development of 
specific management plans to safeguard selected sites where the species 
is present, or likely to recover. Generally the management of water quality
and fish stocks over fairly large catchment areas (probably involving 
different land ownerships) is likely to be required.
7.3 Species management, protection and licensing:
No action proposed.
7.4 Advisory.
• When ecological understanding is improved consider the development of 
a set of water management guidelines to be made available to local site 
managers/land owners and appropriate local authorities.
• The identification of this species is frequently confused with the 
commoner species Anodonta cygnea and Anodonta anatina. Therefore 
produce a simple identification guide for use by field workers and site 
managers in areas likely to be populated by the bivalve.
7.5 International.
• As this species is rare and possibly threatened throughout its European 
range, exchange research and management information with European 
partners. If early research suggests that it is required, seek E.U. species 
protection funding.
7.6 Future research and monitoring.
• Undertake further ecological research, which may be undertaken partly 
in co-operation with European partners. Such work should focus upon
(1) developing a fuller understanding of the life cycle of the species and
(2) seek to gain a more accurate picture of the distributional status of the 
species in Britain.
• Undertake surveys at a representative selection of historic locations 
within a single season to discover if populations of Pseudanodonta 
complanata still remain at any.
• Survey new areas in locations where further populations may be present.
• Plan and undertake periodic monitoring of populations, adopting 
standard practices at selected sites in order identify population trends 
and potential threats.
• Ensure that ecological and monitoring information is passed to a central 
organisation (e.g. JNCC) to be incorporated in national databases.
• Periodically provide information to the World Conservation and 
Monitoring Centre to contribute to the maintenance of updated global red 
lists.
7.7 Communications and publicity.
Consider promoting awareness of the situation regarding this species if early 
research suggests that a threat to the species exists .
8. Action plan review:
The action plan should be reviewed on a 5 yearly basis by a specialist 
consultants from relevant NGOs in conjunction with invertebrate ecologists 
from English Nature.
9. References:
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Killeen, I.J. 1992. The land and freshwater molluscs of Suffolk. Suffolk 
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Species Action Plan 
Pisidium tenuilineatum
( a freshwater bivalve mollusc)
Dr. M. J. Willing 
October 1996
The Environment Agency
Species Action Plan: Pisidium tenuilineatum ( a freshwater 
bivalve mollusc), October 1996
1. Conservation Status:
Pisidium tenuilineatum is a rare species that has declined in at least part of its 
British range since the 1950s. Its present British distributional status is 
unclear, the species occurring chiefly in central-southern England and the 
Welsh borders.
Pisidium tenuilineatum has been placed in category 3 (rare) in British Red 
Data Books 3: Invertebrates other than insects (Bratton, 1991).
The main threats to the species in Britain are not well understood, but may 
include a deterioration in water quality.
2. Legal Status:
Pisidium tenuilineatum is not protected in the United Kingdom.
3. Priority Statement:
Pisidium tenuilineatum is a very localised species in Britain with populations 
occurring in a relatively few areas. The decline in one part of its range 
requires further study, as does the current distributional status over its likely 
British range. Implementation of this plan is a medium priority.
4. Objectives for the conservation of the Species:
4.1 To accurately assess the current status of Pisidium tenuilineatum in 
England.
4.2To initiate autecological research to develop a clearer understanding of 
the ecological requirements of the species
4.3 Following analysis of ecological studies implement findings to maintain or 
enhance the species by the establishment of appropriate habitat 
management strategies.
4.4 To explore the possibility of restoring Pisidium tenuilineatum to previously 
occupied areas in the East Midlands when habitat conditions are 
considered suitable.
5. Biological assessment:
5.1 Ecology:
Pisidium tenuilineatum lives in^clean, hard water in lowland rivers, canals
and occasionally ponds (Kerney, 1970). On the continent it is also 
reported living in limestone springs. Although it has not been found living 
in this habitat in Britain, it has been recorded as a fossil in several 
Postglacial tufa deposits that formed as a result of spring action (Preece, 
1979). Very little else is known about the ecology of this species.
5.2 Distribution & population:
Pisidium tenuilineatum has mainly been recorded from central southern 
England although a recent find in north-west Yorkshire (M.P. Kemey, 
personal communication) suggests that it may be significantly under 
recorded. The latest national distributional data records the species in 17 
ten kilometre grid, squares (M.P. Kemey 1976 and personal 
communication). It has always been noted as a scarce species, Ellis 
(1962) noting that it was, ’a rare species and easily overlooked'. Work by 
Ham and Bass (1982) further demonstrates the extreme rarity of Pisidium 
tenuilineatum in rivers throughout central southern England. In Europe 
Pisidium tenuilineatum is also a rare species, occurring between the 
Mediterranean and southern Sweden (Wells & Chatfield, 1992).
5.3. Limiting factors:
In the absence of a detailed appreciation of the ecology of this species it 
is not possible to outline reasons for the decline of this species in a part of 
its range.
6. Resume of conservation action to date:
Pisidium tenuilineatum has not been the subject of any species-specific
conservation work.
Pisidium tenuilineatum is included in the Short List of the Biodiversity Action
Plan (HMSO, 1995).
7. Proposed Action:
7.1 Policy and legislation.
Until the precise reasons for the species regional decline have been 
ascertained then it is not possible to advance policy suggestions. These 
should be reconsidered when areas of the research advocated in this plan 
have been undertaken.
7.2. Site safeguard and management.
When ecological understanding is improved, consider the development of 
specific management plans to safeguard selected sites where the species 
is present, or likely to recover or recolonise. Generally the management of 
water quality over fairly large catchment areas (probably involving 
different land ownerships) is likely to be required.
7.3 Species management, protection and licensing:
No action proposed.
7.4 Advisory.
• When ecological understanding is improved consider the development of 
a set of water management guidelines to be made available to local site 
managers/land owners and appropriate local authorities.
• The identification of this species is rather difficult and currently few people 
can accurately name it. Produce a short identification and background 
ecological leaflet for the use by field workers and site managers in areas 
likely to be populated by the bivalve.
7.5 International.
• As this species is rare and possibly threatened throughout its European 
range, exchange research and management information with European 
partners. If early research suggests that it is required, seek E.U. species 
protection funding.
7.6 Future research and monitoring.
• Undertake further ecological research which may be undertaken partly in 
co-operation with European partners.
• Undertake surveys of all historic locations within a single season to 
discover if Pisidium tenuilineatum populations still remain at any of them.
• Survey new areas in locations where further populations may be present.
• Plan and undertake periodic monitoring of populations adopting standard 
practices at selected sites in order identify population trends and 
potential threats.
• Ensure that ecological and monitoring information is passed to a central 
organisation (e.g. JNCC) to be incorporated in national databases.
• Periodically provide information to the World Conservation and 
Monitoring Centre to contribute to the maintenance of updated global red 
lists.
7.7 Communications and publicity.
Consider promoting awareness of the situation regarding this species if early 
research suggests that a threat exists to the species.
8. Action plan review:
The action plan should be reviewed on a 5 yearly basis by a specialist 
consultants from relevant NGOs in conjunction with invertebrate ecologists 
from English Nature and The Countryside Council for Wales.
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INTRODUCTION
Since the threats to the survival of the native crayfish (the white-clawed crayfish, 
Austropotamobius pallipes) were highlighted (see Holdich, Rogers & Reader, 1995) there have 
been a number of changes in legislation (see Alderman & Wickins, 1996; Holdich & Rogers,
1996) to try and protect and conserve the remaining British populations and to try and manage 
populations of non-native crayfish and the disease, crayfish plague, which some carry. Such 
protection and management measures are now being built into the Local Environment Agency 
Plans (LEAPS) as a result of A. pallipes being one of the species highlighted in the Biodiversity 
Challenge document (DOE, 1996). However, in order carry out such measures a detailed 
knowledge of the distribution of native and non-native crayfish is required as is a means of 
accurately identifying such crayfish. Such information has been made available 1) through the 
setting up of a national database at the ITE Biological Records Centre at Monks Wood of all 
crayfish records for the periods 1970-1989 inclusive and for 1990-1994 inclusive and, 2) through 
the publication of an identification leaflet. Since 1994 many new records have been obtained and 
new non-native species of crayfish have appeared in the wild. Consequently, a need was perceived 
for an updating of both the database and the leaflet. In addition, in order to help with management 
plans, information on the crayfish status of every catchment in England and Wales was considered 
to be essential.
AIMS
1. To produce a catchment-based strategy on native crayfish conservation (along the lines 
of the existing strategy for otters). Each catchment in England and Wales to be allocated 
to one of five categories based on its crayfish status (see below):
The characterisation of each catchment to be shown as a map and in the form of a list.
2. To indicate the catchments where crayfish plague outbreaks have been confirmed or 
suspected in the form of a map and a list.
3. To collate information on all new (i.e. post-1994) crayfish records and put them in a 
suitable form for transmission to BRC. BRC would then produce distribution maps o f the 
native and non-native crayfish distribution.
4. To revise the crayfish leaflet by incorporating new information on the distribution o f 
native and non-native crayfish species, legislation, and the biology o f all crayfish present 
in the wild in Britain.
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M ETH ODS
During 1994 and 1995 many new crayfish records were sent to the Crayfish Study Group 
at Nottingham University by a wide range of organisations and individuals. The majority of such 
records were ascertained to be accurate as the identification leaflet had been used or we had 
confirmed identification. In addition, a number o f detailed surveys were undertaken for various 
organisations by ourselves which resulted in much new information being obtained. All such 
information was logged, collated and then entered into a spreadsheet for transmission to BRC.
All records were entered onto a large pin map held at Nottingham. On the basis of all post- 
1989 records an assessment was made o f the status o f  each catchment. One category A-E was 
assigned to each one.
The leaflet was completely rewritten, new maps provided, and additional photographs 
were obtained. The amount o f information provided meant that consideration had to be given to 
producing a booklet rather than a leaflet.
SCHEDULE O F W O R K
Work started in October, 1996 with a due completion date of March, 1997
1. Production of draft copy for the booklet - 31/10/96
2. Production of final copy for the booklet - 14/11 /96
3. Records to BRC - 14/11 /97
4. Draft categorisation of catchments - 31/1/97
5. Completion of final outputs, including addition of distribution maps - 31/03/97 
RESULTS
1. The booklet is currently being produced by the EA at Bristol. It covers the native crayfish: 
Austropotamobms[xillipes, and the non-native crayfish: Pacifastacus leniusculus, Astacus 
leptodactylus, Astacus astacus, Procambarus clarkii and Orconectes limosus.
2. BRC have the records for the above-mentioned species in their possession and we have been 
promised distribution maps for the end of February. These will then be incorporated into the 
final report.
3. Categorisation o f catchments - see below.
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On the basis of the information available one of the following categories was allocated to 
every catchment in England and Wales.
• A - Catchments with no non-native crayfish present. Protect existing native
crayfish populations.
• B - Catchments where there is a limited spread of non-native crayfish. Such
populations should be contained or eradicated. Protect existing native crayfish 
populations.
• C - Catchments where is a widespread occurrence of non-native crayfish. The
spread of such populations should be prevented. Protect existing native crayfish 
populations.
• D - Catchments where there are no native crayfish records. Non-native crayfish in
the catchments should be prevented from spreading further.
• E - No known crayfish records.
The results are shown in Figure 1 and in Table 1.
Crayfish plague
Crayfish plague outbreaks have been occurring in Britain since the early 1980s. Details of 
these outbreaks are given in Holdich, Rogers & Reader (1995). Figure 2 shows those catchments 
thought to have been affected. In some cases, although typical mortalities occurred, they were not 
positively identified as being due to crayfish plague, but there is a strong suspicion that they were. 
Table 1 lists where the mortalities have occurred against the catchment categories. Table 2 
summarises the details of the mortalities.
Categorisation of catchments
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Table 1 Crayfish management by catchment (for definition of categories A-E see text).
Also shown are confirmed (++) and suspected (+) outbreaks of crayfish plague 
by catchment.
ANGLIAN REGION E 2 Derwent & Cumbrian Coast
A 3 Leven & Morecombe Bay
B 1 Ancholmc B 4 Lune
E 2 Grimsby Area E 5 Wyre
A 3 Upper Witham B 6 Ribble
E 4 Louth Coastal E 7 Douglas
B 5 Lower Witham E 8 Alt & Crossens
A 6 Welland A 9 Irwell
E 7 Lower Ncne E 10 Mersey Estuary'
E 8 North Norfolk rivers B 11 Mersey Basin
A 9 Stiffkey, Bum & Glaven A 12 Weaver
B++ 10 Upper Nene
E 11 Old Bedford River SEVERN-TRENT REGION
B 12 Ely Ouse
B 13 Yare A 1 Idle. Maun & Tome
C 14 Upper Ouse B 2 Trent - Dove to Humber
B 15 Bedford Ouse B 4 + 3 Severn - Upstream of Perry
B 16 Cam B ++ 4 Severn - Perry' to Teme
B 17 Gipping & Stour B 5 Upper Trent, Sow & Pcnk
E 18 Aide, Blvth & Deben B 6 Dove & Chumet
A 19 Blackwater including Colne & A + 7 Derwent
Chelmer A 8 Erewash
E 20 Crouch & Thameside B ++ 9 Teme
E 10 Stour
NORTHUMBRIA & YORKSHIRE REGION B 11 Tame & Anker
B 12 Soar
E 1 Till B 13 Blytb, Coie & Bourne
A 2 Ain B 14 Warwickshire Avon
A 3 Coquet A + 15 Sevemside
A 4 Wansbeck including Lyne
A + 5 Blvth SOUTHERN REGION
A 6 Tyne including Ousebum
E 7 Wear C 1 Test
E 8 Northumbria Area Coast A 2 West Hampshire
B 9 Tees. Leven & Skcme E 3 Isle of Wight
E 10 Esk & Coastal streams A 4 Itchen
B 11 Swale. Ure & Ouse B 5 Meon & East Hampshire
B 12 Nidd & Wharfe D 6 A run
A 13 Aire D 7 Adur & Ouse
A 14 Calder A ++ 8 Darent
B 15 Don, Rothcr & Deame C 9 Medway
B 16 Derwent E 10 North Kent
D 17 Hull & Coast B 11 Stour
D 12 Eastern Rother
NORTH WEST REGION E 13 Cuckmere
A 1 Eden & Estuarv
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SOUTH WESTERN REGION C++ 13 Lower Lee
C 14 Roding
E I Hayle & Red River C 15 Thames Tideway & Estuary
E 2 Cober & South Cornwall C 16 Loddon
E 3 Fal C + 17 Blackwater
E 4 Gann cl & Camel C++ 18 Wey
E 5 ParT, Crinnis & St Austell c 19 Mole
E 6 Seaton. Looe & Fowey c 20 Wandle. Beverley Brook & Hogsmil
E 7 North Cornwall Coast, Strat & Neet c 21 Ravens bourne
E 8 Upper Tamar & tributaries
D 9 Tamar Estuary. Tavey. Lynher, Plym WELSH REGION
& Yealm
D 10 Erme E 1 Cefni & Braint
D 11 Avon E 2 Mcnai Strait
E 12 Dart E 3 Gwrfai. Seiont. Ogwcn & Llyfni
E 13 Torridge E 4 Conwy
E 14 Abbey River & Clovelly Stream D 5 Clwyd
E 15 Taw & Torridge Estuary E 6 Dee
E 16 Taw E 7 Dwyfor & Erch
D 17 Teign E 8 Glaslyn. Dwyrvd & Artro
B 18 Exe E 9 Mawddach & Wnion
D 19 North Devon Coastal & Lyn E 10 Dysynni
E 20 West Somerset Rivers E 11 Dyfi & Len
B 21 Tone E 12 Rheidol. Ystwyth & Clarach
E 22 Sid & Otter E 13 Aeron, Arth & Wyre
E 23 North Somerset Rivers A 14 Upper Wyc
D 24 Brue. Sheppey & Hartlake B++ 15 Lower Wye
D 25 Isle. Yeo. Cary & Parrctt A 16 Nevem. Gwaun. Solva & Pembroke
E 26 Lim & Axe Coastal Rivers
C 27 West Dorset Streams E 17 Teifi
C + 28 Frome & Piddle D 18 Cleddau
c + 29 Dorset Stour A 19 Tywi & Taf
C++ 30 Lower Bristol Avon E 20 Gwendraeth. Fach & Fawr
C ++ 31 Upper Bristol Avon E 21 Llwchwr & North Gower Rivers
C++ 32 Hampshire Avon E 22 Taw'e & South Gower rivers
D 33 Poole Harbour A 23 Usk
E 24 Neath
THAMES REGION E 25 TafT
A 26 Rhymney
C 1 Cherwell E 27 Ebbw
C 2 Thames - Buscot to Evnsham E 28 A fan & Kenfig
c 3 Upper Thames to Buscot E 29 Ogmorc
c 4 Thames - Eynsham to Benson E 30 Ely
c 5 Thame E 31 Thaw
C ++ 6 Colne
C++ 7 Upper Lee
C++ 8 Middle Lee
C + 9 Kennet
C 10 Thames - Benson to Hurley
C++ 11 Thames - Hurley to Teddington
C 12 Brent & Crane
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Table 2 Confirmed and suspected outbreaks of crayfish plague 
in England & Wales
River/lake Date Catchment Confirmed
R. Lee (Herts) 1981-82 Thames Yes - MAFF
R. Sherston 
(Bristol Avon)
1981-82 Avon Y es - MAFF
R. Blackwater 
(Surrey)
1982 Thames Unconfirmed
R. Wey
(Alton-Famham)
1983 Thames Y es - MAFF
R. Avon 
(Hampshire)
1984 Hamp. Avon Y es - MAFF
R. Kennet 
(Berks)
1984 Thames Unconfirmed
R. Frome 
(Dorset)
1984 Dorset Frome Unconfirmed
R. Stour 
(Dorset)
1984 Dorset Stour Unconfirmed
R. Colne/ 1985 
Misboume (London)
Thames Yes - MAFF
R. Darent 
(Kent)
1986 Thames Unconfirmed
Dowles Brook 1987 
(Forest o f Wyre, Kidderminster)
Seven Yes - MAFF
By Brook 
(Bristol Avon)
1990 Bristol Avon Yes - MAFF
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Table 2 (continued)
River/lake Date Catchment Confirmed
Somerset Frome/ 1990 
Mells River (Bristol Avon)
Bristol Avon Yes - MAFF
R. Ise 
(Kettering)
1990 Nene Yes - MAFF
R. Camlad 
(Newtown)
1990 Seven Yes - MAFF
Tributaries
(Herefordshire)
1990 Welsh Wye Unconfirmed
R. Arrow 
(trib. of R. Lugg,
1990
Eardisland)
Welsh Wye Yes - MAFF
R. Wye 1990-91 
(Buxton, Derbyshire)
Derbys. Wye Unconfirmed
R. Derwent 
(Derbyshire)
1990-91 Derbys. Wye Unconfirmed
R. Clun
(Welsh border)
1991 Teme/Seven Yes - MAFF
R. Blyth 
(Northumbria)
1992 Blyth Unconfirmed
Wycombe/Wye/ 
Wycombe Dyke
1992 Thames Yes - MAFF
Avening Brook 
(nr Stroud)
1993 Glos. Frome Unconfirmed
R. Bradford 1993 
(nr Alport)/R. Lathkill
Derbys.
Derwent/Wye
Unconfirmed
R. Tillingboume 
(nr Dorking)
1993 Thames Unconfirmed
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DISCUSSION
Most catchments in England and Wales have either native or signal crayfish or both 
except in the west, i.e. west Wales and south west England. There is, however, great variation 
in the density o f records and crayfish populations, e.g. on the River Ure, part of catchment 11 
in the Northumbria & Yorkshire Region, there are hundreds of records and crayfish are 
regularly found whereas on the Rhymney, catchment 26 of Welsh Region there are only 
occasional records at a few points. In some catchments crayfish may be only represented by a 
single record, e.g. Hull & Coast, catchment 17 in the Northumbria & Yorkshire Region and 
Clwyd, catchment 5 in the Welsh Region
The most important catchments to preserve (Category A) are those where no non­
native crayfish are present but many healthy native population exist. The highest level of 
protection should be afforded to these populations, which are particularly prevalent in the 
north o f England.
The second most important catchments to preserve (Category B) are those where 
native populations exist but where non-native (usually signals) crayfish have a limited 
distribution, although can be locally abundant.
Catchments (Category C) where there is a widespread occurrence of non-native 
crayfish are mainly located the south of England. The spread of such populations should be 
prevented in order to protect the remaining native crayfish populations. However, there are so 
many populations of non-native crayfish in these catchment that their control will prove very 
difficult.
There are catchments (Category D) where, despite the fact that there are no records 
for native crayfish, non-native crayfish, usually signals, have become established. Signal 
crayfish are known to be more adaptable to environmental conditions than native crayfish 
(Holdich, Rogers & Reader, 1995). However, as these catchments often border catchments 
with native crayfish, then the non-native crayfish should be prevented from spreading further. 
Most of the catchments in this type of category are located in the south of England.
Category E catchments contain no records for either native or non-native crayfish. 
Often this is due to unsuitable conditions, e.g. water chemistry and/or type of river. Most of 
the catchments in this category are located in western Wales and south west England. 
However, the fact that there are no crayfish in these catchments at present does not mean they 
could not occur in the future.
Crayfish plague outbreaks occurred frequently in the 1980s. In more recent years there 
have been very few - none having been reported since 1993. There are no known instances 
o f native European crayfish developing resistance to the disease so the decrease in outbreaks 
is more likely to be due to luck than anything. However, there is the possibility that the disease 
is becoming less prevalent as signals carrying the disease are culled or predated. Of course in 
some catchments the native crayfish have been eliminated the niche has either been taken over 
by non-native crayfish or remains vacant. There are some instances where crayfish have been 
successfully reintroduced or have recolonised the area (Holdich, Rogers & Reader, 1995).
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CONCLUSIONS
Very few catchments containing native crayfish in England and Wales are currently 
“safe” from the threat of non-native crayfish in their catchments, with the exception o f those in 
the north of England. Even these could easily be threatened by an illegal introduction or an 
outbreak of crayfish plague. It should be noted that a number of signal crayfish populations are 
developing north of the border in Scotland.
The distribution of crayfish in Britain is not static and consequently for any 
conservation and management plans to succeed there needs to be continuous monitoring of the 
situation. We have only been able to produce the information for this contract because we 
continued to accumulate distribution records after the NRA R & D  Project 378 finished. The 
same situation is now in danger of happening again. The information provided here will need 
updating every year if managers are to be provided with the correct information. Management 
of the crayfish database should continue to be funded, albeit at a relatively low level, so that 
accurate information is available to those who need it.
Whilst crayfish plague outbreaks have declined in recent years there is no room for 
complacency. However, the new legislation involving the setting up of prohibited areas for 
crayfish farming should reduce the risk of the disease being transferred into areas possessing 
good populations of native crayfish. The categorisation of the “crayfish status” o f catchments 
in England and Wales provided in this document should assist managers in deciding what 
further measures need to be taken to protect populations of native crayfish.
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Fig. 1 Crayfish management by catchment 
(For key see separate page).
Fig. 2. Crayfish plague by catchm ent.
APPENDIX F PLANTS
FI Triangular club-rush - SAP
R&D Interim Report WI/i640/4
DRAFT SPECIES ACTION PLAN FOR TRIANGULAR CLUB-RUSH 
SCHOENOPLKCTUS TRIQUETER)
1 CURREN T STATUS
1.1 Only one, very' small, population of Triangular Club-rush is known to survive in 
the UK. This is on the Devon side of the upper tidal reaches o f  the Tamar 
Estuary where the plant occurs low down on the muddy foreshore. It has shown 
a marked declinc in England over the last 50 years, and is now believed to be 
absent from previously recorded sites in West Sussex (River Arun), Greater 
London (River Thames) and Kent (River Medway).
1.2 The UK represents the northern edge of the species range, with a scattered 
distribution in the Republic of Ireland (River Shannon), South and Central 
Europe, West Asia, Noah and South Africa and North America. The plant is 
considered to be critically endangered in the UK and is protected under Schedule 
8 of the WCA 1981.
2 CURRENT FACTORS CAUSING LOSS OR DECLINE
2.1 Reports from the Thames and the Medway suggest that the extinction o f  the 
species has occurred during the last 50 years as a result of habitat loss caused by 
flood bank protection and navigational improvements. The loss of populations 
on the Tamar and the Arun does not fit this pattern as "suitable” habitat would 
appear to be available. In contrast, the Shannon population is stable despite 
extensive bank modification.
2.2. Competition for suitable habitat by more vigorous emergent plants, and by other 
species and hybrid forms of Club-rush, and over-shading from bankside trees. 
However, this does not appear to be a problem on the extant site.
2.3 Climate change may be responsible as the species exists within the British Isles 
on the northern edge of its range.
2.4 Hybridization with other species of club-rush. T£is is a problem on the Tamar 
Estuary, but does not account for recent losses. ,
2.5 The causes of the recent decline of the surviving Tamar population is not known. 
Climate change, low flows, increased "spatiness", increased sedimentation, 
genetic drift, pollution and collection are all possible causes.
3 CURRENT ACTION
3.1 EN, EA and local naturalists have monitored the Tamar population since 1989.
3.2 Work at the Royal Botanic Gardens Kew, using material from the Tamar 
population, has included . both vegetative propagation and seed collection. 
Germination of seed from the seed bank has not been possible in trials, bu t seed 
falling on.tCLthe ground in the vicinity o f the plant has germinated. Material from 
this population is also being^iropagated vegetatively by a local license holder.
3.3 The Tamar site lies within a Silo o f  Special Scientific interest, which is proposed 
as a Special Protection Area under the EC Birds Directive, and as a candidate 
Special Area o f  Conservation under the EC Habitats Directive
3.4 EA have visited the River Shannon (Irish Republic) to compare and contrast 
habitat preferences.
ACTION PLAN OBJECTIVES AND TARGETS
4.1 Safeguard existing population using the Wildlife and Countryside Act, 1981 (as 
amended) as appropriate, and the EA Local Environment Agency Plan.
4.2 Maintain rescue population at Royal Botanic Gardens.
4.3 Investigate the factors responsible for the plant's recent decline and 
disappearance.
4.4 Identify 12 sites for reintroduction on the Tamar Estuaries by 2000 + costing out 
the planting (Thames, Arun and Medway targets to be set).
PROPOSED ACTIONS WITH LEAD AGENCIES
5.1 Policy and Legislation
5.1.1 Ensure that SSSI legislation and Schedule 8 of the Wildlife and 
Countryside Act is enforced, and that LEAP and Estuary Management 
Plan contain appropriate policies and actions (ACTION EA/EN).
5.2 Site Safeguard and Management
5.2.1 Seek to ensure that flood defence and water flow regulation actions and 
protect the Tamar site and surrounds from influences which would be 
detrimental to the plant's survival. (ACTION EA).
5.2.3 Ensure that bank vegetation does not develop to the extent that present 
population will be influenced by shade. (^CTION EA)..
5.2.4 Identify suitable sites for reintroduction on the Arun, Medway and 
Thames with a preliminary target of 12 sites on the Tamar by the year 
2000. (ACTION EA).
5.3 Species Management and Protection
5.3.1 Maintain and propagate current Royal Botanic Garden collection as a 
source o f  material for future reintroductions. (ACTION EN)
5.3.2 Ensure that present population remains free from excessive competition 
from other emergent aquatics. (ACTION EA).
5.3.3 -Maintain and propagate licensed local collection. (ACTIQHJiN).
5 3 .4  Kcinirociucc  p ro p a g a ted  plants  to the sc lcctcd  sites. ( E A )
5.4 a d v i s o r y
5.4.1 Ensure landowners, managers and local authorities are aware of' the 
presence, legal status and importance of conserving this species and 
appropriate methods o f  habitat management. (ACTION EN /EA )
5 5 Future Research and Monitoring
5.5.1 Survey and record distribution and abundance o f  all Club-rush  
populations in the Tamar in order to establish whether hybridization is a 
factor causing loss or decline. (ACTION EA)
5.5.2 Establish the relationship between Club-rush species and their hybrids 
and habitat preferences, in order to ensure that reintroductions o f  
Triangular club-rush do not hybridize. (ACTION EA)
5.5.3 Identify optima] environmental conditions with particular reference 
to the River Shannon (ACTION EA)
5.5.4 Review historic and potential sites in the Tamar, Medway, Axun and 
Thames. (ACTION EN/EA)
5.5.6 Collect voucher specimens o f plant material for the Kew herbarium. 
(ACTION EA)
5.5.7 Monitor club-rush population size and associated species at current and 
reintroduced sites, initially on an annual basis. (ACTION EA)
5.6 Communications and Publicity
5.6.1 Ensure local communities are made aware of the presence and importance 
of this species and the reasons for carrying out management. (A CTIO N  
EN/EA)
5.6.2 Keep details of remaining site confidential to guard against collecting. 
(ACTION EN/EA)
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